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SECTION  OF  PHYSICS  AND  CHEMISTRY* 

AIR  POLLUTION  CONTROL: 

HEALTH  ASPECTS  AND  MICROTECHNIQUES** 

By  Leonard  Greenburg  and  Morris  B.  Jacobs 

The  City  of  New  York  Department  of  Air  Pollution  C<mtroI,  New  York,  N.  Y. 

Introduction 

The  Department  of  Air  Pollution  Control  of  the  City  of  New  York 
receives  thousands  of  complaints  from  the  residents  of  the  city  concern¬ 
ing  air  pollution  during  the  course  of  a  year.  These  complaints  concern 
emission  of  smoke,  deposit  of  soot  and  flyash,  annoyance  from  offen¬ 
sive  odors,  spontaneous  runs  in  stockings,  exhausts  and  odors  from 
buses  and  trucks,  and  many  other  types  of  harassments  resulting  from  air 
pollution. 

The  prevention  and  abatement  of  air  pollution  are  serious  problems  for 
every  large  city  in  the  country.^  In  cities  such  as  Los  Angeles,  Calif., 
the  problem  is  severe.  In  other  cities,  such  as  Pittsburgh,  Pa.,  and 
St.  Louis,  Mo.,  there  has  been  some  measure  of  improvement  over  the 
serious  air  pollution  that  existed  years  ago.  New  York  City  has  been 
aware  of  its  own  problem  for  over  30  years,  and  successive  steps  to 
meet  this  problem  culminated,  in  1952,  in  the  formation  of  the  Depart¬ 
ment  of  Air  Pollution  Control. 

Sources  of  Pollution 

The  greatest  source  of  air  pollution  in  New  York  City  is  burning  fuel. 
Fuel  is  burned  in  New  York  City  for  heat,  light,  power,  and  transporta¬ 
tion.  In  this  connection  one  can  also  include  the  destruction  of  refuse 
as  a  type  of  fuel.  Some  measure  of  the  amount  of  fuel  burned  in  the  City 
of  New  York^  can  be  gained  from  table  1. 

Fuel  in  New  York  City  is  burned  to  provide  heat  for  approximately 
200,000  multiple  dwellings  and  600,000  one-  and  two-family  houses,  by 
nearly  2,000,000  motor  vehicles,  including  passenger  cars,  station  wag¬ 
ons,  trucks,  buses,  and  taxicabs,  and  by  about  10,000  domestic  (residen¬ 
tial)  incinerators.  It  has  been  calculated  that  approximately  1  million  tons 
of  sulfur  dioxide  are  given  off  to  the  air  every  year  in  New  York  City.^ 

Health  Aspects 

I  It  has  been  common  in  the  past  to  belittle  any  connection  between  air 
.  pollution  and  the  health  of  a  community.  Indeed,  some  workers  in  the 
field  have  denied  that  there  was  any  connection  whatsoever.  Any  un- 


I  *The  Section  of  Geology  and  Mineralogy  did  not  meet  in  January,  as  its  regular  meet- 
■  inj  date  fell  on  New  Year's  Day. 

!  **This  paper  was  presented  at  a  meeting  of  the  Section  on  January  3,  1956. 
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Table  1 


Fuel  Consumed 

IN  New  York  City 

Consumption 

Consumption* 

Type 

1936 

1954 

Anthracite  coal  (tons) 

10,843,000 

3,750,000 

Bituminous  coal  (tons) 

7,526,000 

10,000,000 

Fuel  oil  (thousands  of  gallons) 

673,721 

3,500,000 

Gas  (thousands  of  .cubic  feet) 

52,150,000 

89,544,000** 

Refuse  (municipal  incinerators,  tons) 

1,200,000*** 

1,500,000 

Refuse  (domestic  incinerators,  tons) 

540,000 

Gasoline  (thousands  of  gallons) 

500,000 

1,250,000 

'Approximate. 

"This  consists  of  38,575,000  thousand  cubic  feet  of  manufactured  (illuminating)  gsi 
and  50,969,000  thousand  cubic  feet  of  natural  gas. 

"*1947. 

biased  review  of  the  literature  must  lead  one  to  conclude  that  there  is  a 
definite  connection  between  the  health  of  a  community  and  the  amount  of 
air  pollution  in  that  community.^’®  Over  60  years  ago,  Cohen,®  in  a  dis¬ 
cussion  concerning  the  burning  of  coal  without  the  production  of  smoke, 
stressed  the  harmful  effect  of  smoke  and  presented  a  comparison  of  i 
health  data  for  urban  and  rural  areas  showing  that  the  life  expectancy 
was  shortened  in  all  age  groups  for  urban  dwellers.  Since  that  time, 
many  other  investigates  have  noted  a  connection  between  an  increase 
in  pulmonary  diseases  and  polluted  city  air. 

The  effects  of  air  pollution  on  health  can  be  placed  into  two  categories: 
(1)  dramatic  incidents,  usually  associated  with  a  more  or  less  clearly 
defined  source  of  industrial  pollution  such  as  occurred  in  the  Meuse 
Valley  in  Belgium  in  1930;  in  Donora,  Pa.,  in  1948;  and  in  Poza  Rica, 
Mexico,  in  1950;  and  (2)  generalized  incidents  that  recur  from  time  to 
time  in  which  both  industrial  and  domestic  sources  contribute  to  the  air 
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pollution,  such  as  the  fogs  of  London,  England,  and  the  smogs  of  Los 
Angeles. 


Meuse  Valley  Incident 

In  1930,  between  December  1  and  5,  the  Meuse  Valley  in  Belgium^ 
was  covered  by  a  heavy  blanket  of  fog  and  smoke,  which  nowadays  we 
would  call  smog.  The  exact  number  of  people  who  became  ill  is  not 
known,  but  several  hundred  were  severely  attacked  and  about  63  people 
died  on  December  4  and  5  after  only  a  few  hours  of  illness.  This  smog 
blanket  was  the  result  of  a  stable  weather  condition  that  persisted  about 
four  days,  during  which  time  the  concentration  of  air  pollutants  continued 
to  be  built  up  until  they  were  high  enough  to  kill  people. 

Donora  Incident 
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The  effect  that  air  pollutants  can  have  on  a  community  was  dramatically 
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illustrated  by  the  incident  at  Donora,  Pa.,*  in  late  October  1948.  An 
unusually  heavy  smog  s;ettled  over  Donora  and  Webster,  Pa.,  for  a  period 
of  about  four  days.  It  was  estimated  that,  out  of  the  combined  population 
of  about  13,000,  42.7  per  cent  of  the  people  of  these  towns  were  af¬ 
fected,  first  by  respiratory  tract  symptoms  and  then  by  symptoms  result¬ 
ing  from  disturbance  in  the  gastrointestinal  tract.  While  the  severity  of 
illness  did  not  appear  to  be  influenced  by  sex,  race,  occupation,  length 
of  residence  in  an  area,  or  extent  of  physical  exertion  at  the  time  of  the 
fog,  a  direct  relation  between  increasing  age  and  severity  of  symptoms 
was  manifest.  Thus  over  60  per  cent  of  those  over  60  years  of  age  re¬ 
corded  some  degree  of  illness,  and  nearly  one  half  of  this  group  were 
severely  affected. 

This  relationship  is  even  more  clearly  demonstrated  when  one  con¬ 
siders  that  the  ages  of  the  persons  who  died  ranged  from  52  years  to  84 
years  with  a  mean  age  of  65.  Of  the  20  persons  that  died  in  the  smog 
period,  17  died  on  the  third  day. 

Poza  Rica  Incident 

On  November  24,  1950,  a  few  days  after  stripping  columns  (Girbitol 
units)  employing  monoethanolamine  for  the  absorption  of  hydrogen  sulfide 
had  been  put  into  operation  for  the  removal  of  this  gas  from  natural  gas 
at  Poza  Rica,  Mexico,^  the  amine  solution  overflowed,  partially  clogging 
the  lines  leading  to  the  flare  burner.  Gas  surged  through  the  burner, 
allowing  the  unbumed  hydrogen  sulfide  gas  to  escape. 

At  about  4:00  A.M.  on  the  day  of  the  accident,  weather  conditions 
were  such  that  a  pronounced  low- altitude  inversion  existed.  This  pre¬ 
vented  the  escape  of  the  poisonous  gas  into  the  upper  atmosphere  and, 
of  about  320  persons  who  were  adversely  affected  by  the  gas,  about  22 
died. 

London,  1952 

The  fog  that  enveloped  London  in  December  1952  was  the  cause  of 
the  death  of  about  4000  persons  in  the  period  from  December  5  through 
,  December  10,  and  it  has  been  estimated  that  in  the  succeeding  eight 
weeks  an  additional  8,000  excess  deaths  occurred. 

I*  It  would  be  a  delusion  to  think  that  this  was  an  isolated  incident  in 
■  London.  In  table  2,  the  number  of  deaths  resulting  from  four  previous 
I  visitations  of  polluted  air  in  London  are  tabulated. 

I  c 

^  Sampling 

I  The  principal  category  of  microanalysis  with  which  we  are  concerned 
'  in  air-pollution  studies  is  the  determination  of  very  small  amounts  of  a 
substance  or  element  in  a  large  volume  of  air  or  in  a  relatively  large 
amount  of  particulate  matter  such  as  sootfall  or  settled  dust.  In  indus¬ 
trial-hygiene  chemistry,  where  microtechniques  for  the  determination  of 
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inside  air  pollutants  have  been  well  developed,  the  order  of  magnitude 
of  analyses  is  that  of  parts  per  million  (ppm.)  or  of  milligrams  or  hundreds 
of  micrograms  per  cubic  meter.  In  air-pollution  analyses,  i.e.,  analyses 
of  outside  air,  the  order  of  magnitude  is  much  smaller.  Here  we  are 
concerned  with  hundreths  or  tenths  of  a  ppm.  and  of  micrograms  per  cubic 
meter,  so  that  we  are  really  in  the  range,  in  many  instances,  of  ultra¬ 
microchemistry. 


Deposition 

The  principle  of  rleposition  is  used  for  sootfall  sampling.  U'ide- 
mouihed  gallon  glass  jars  ate  jiijced  on  a  stand  on  the  roof  of  a  building 
approximately  four  or  five  stories  from  street  level  and  is  exposed  for 
a  period  of  about  one  month.  At  the  end  of  this  time  the  jars  are  col¬ 
lected,  returned  to  the  laboratory,  and  analyzed  by  macro  methods  for 
insoluble  solids,  soluble  solids,  insoluble  ash,  and  soluble  ash.  Since 
these  are  macro  methods,  they  do  not  concern  us  here.  The  ash  and  the 
filtrate  from  the  insoluble  matter  is  at  times  used  for  micro  determination 
of  metals  and  organic  materials. 

On  occasion,  glass  slides  and  Petri  dishes  are  used  for  the  collection 
of  settled  particulate  matter  from  the  air,  and  these  are  examined  micro¬ 
scopically. 


Table  2 

Registered  Deaths  in  London  County  Area* 


Dates  of  fo^ 

Weekly  totals 

Week 

1 

Week** 

2 

Week 

3 

Week 

4 

Week 

5 

Tuesday  9th-llth  December,  1873 

Monday  26th-29th  January,  1880 

Wednesday  28th-30th  December,  1892 

Friday  26th  Noveniier-lst  December,  1948 
Friday  5th-9th  December,  1952 

1,484 

1,900 

1,606 

846 

853 

2,415 

3,376 

2,509 

1,019 

2,484 

1,540 

2,495 

2,503 

944 

1,523 

1,842 

2.016 

2,101 

891 

1,029 

•  Committee  on  Air  Pollution,  Interim  Report.  Her  Majesty’s  Stationery  Office,  London, 
1953. 

••Week  in  which  fog  started. 


Absorption 

Absorption  methods  are  widely  used  for  sampling  in  air-pollution  work. 
These  consist  mainly  of  two  types:  (1)  the  types  using  impingement; 
and  (2)  the  types  using  absorbers. 

Impingement.  The  impinging  vessel  of  choice  is  the  Greenburg-Smith 
impinger*^  invented  in  1922  by  Dr  Leonard  Greenburg,  presently  Com¬ 
missioner  oi  the  Department  of  Air  Pollution  Control,  New  York,  N.Y. 
In  this  device  and  in  modifications  of  it,*^  a  given  amount  of  absorbing 
fluid  is  used  to  trap  the  incoming  atmosphere,  and  the  component  it  is 
desired  to  measure  is  retained  mechanically,  as  in  the  case  of  dust,  or 
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by  some  chemical  reaction,  as  in  the  case  of  many  reactive  substances 
such  as  sulfur  dioxide  and  other  sulfur  gases,  nitrogen  oxides,  alde¬ 
hydes,  and  ketones.  Generally  the  rate  of  sampling  is  1  cubic  foot 
per  minute.  The  Greenburg-Smith  impinger  has  been  adapted  to  an  auto¬ 
matic  sampling  device. 

Absorbers.  There  are  a  wide  variety  of  absorbers  such  as  gas-washing 
bottles,  fritted  bubblers  and  dispersers,  U-tubes,  and  bulbs.  Fritted 
bubblers  are  often  considered  the  devices  ot  choice  when  sampling  with 
absorbing  solutions.  These  devices  have  been  fully  described  in  the 
literature. 


Filtration 

lligh-volume  sairpler.  The  high-volume  sampler  developed  by  the 
United  States  Atomic  Energy  Commission  has  been  adapted  by  the 
Robert  A.  Taft  Sanitary  Engineering  Center,  United  States  Public  Health 
Service,  Cincinnati,  Ohio,  for  a  study  in  approximately  24  areas  in  the 
United  States  and  Alaska.  This  apparatus  consists  of  a  vacuum  cleaner 
that  has  been  fitted  with  a  special  head  to  hold  an  8"  x  10"  glass  fiber 
filter.  Air  is  drawn  through  this  filter  at  approximately  50  cubic  feet  per 
minute  for  periods  of  24  hours.  The  suspended  particulate  matter  col¬ 
lected  on  this  filter  is  then  subjected  to  macro  and  micro  tests.  The 
macro  tests  consist  mainly  of  determining  the  amount  of  total  solids  and 
of  organic  matter.  The  organic  materials  are  extracted  by  use  of  acetone. 
Micromethods  are  used  for  determining  the  amount  of  proteinaceous 
matter  and  of  metals,  the  metals  being  determined  spectrographically. 

Automatic  filter-paper  samplers.  A  number  of  different  types  of  filter- 
paper  samplers**’  have  been  developed.  These  filter  the  air  through  filter 
paper,  generally  in  the  form  of  a  tape  for  a  given  period  of  time,  with  the 
formation  of  spots  generally  about  1  inch  in  diameter.  The  light  trans¬ 
mission  or  reflectance  of  the  Sf)ots  are  determined.  The  less  the  trans¬ 
mittance  or  reflectance,  the  higher  the  smoke-shade  or  dirt-shade.*’  A 
few  of  these  machines  have  been  adapted  so  that  impregnated  filter 
papers  can  be  used  and  thus  gases  such  as  hydrogen  sulfide  can  be 
determined  on  a  micro  scale. 

Millipore  filter.  Relatively  recently  other  filtration  devices  such  as 
Millipore  and  related  filtering  media  have  been  adapted  to  air-pollution 
studies.  *®  The  Millipore  filter  in  particular  has  been  used  for  bacterio¬ 
logical  studies  of  air.*’ 


Condensation 

The  use  of  condensation  as  a  means  of  collecting  samples  and  meas¬ 
uring  air  pollution  has  been  widely  applied.’**  In  this  method,  air  is 
drawn  through  trapping  tubes  of  the  Shepherd  or  Petri  type.  The  trapping 
device  is  immersed  in  a  refrigerant  and,  by  use  of  successively  lower 
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boiling  refrigerants,  successively  lower  boiling  fractions  of  air  pollutants 
can  be  isolated.  Once  the  fractions  have  been  isolated,  the  customary 
microtechniques  can  be  applied  for  their  further  differentiation  and 
ch  aracterizati  on . 


Adsorption 

Adsorption  can  be  used  for  the  collection  of  air  pollutants.  The  princi¬ 
pal  adsorbents  are  activated  carbon  and  silica  gel.  Activated  carbon  is 
to  be  preferred  over  silica  gel  for  the  sampling  of  odorous  materials 
because  it  is  nonpolar. 

Other  methods  of  sampling  of  less  importance  in  air-pollution  work 
are  those  of  electrical  and  thermal  precipitation. 

Methods  of  Analysis 
Sulfur  Dioxide 

We  have  found  the  peroxide  method,  which  depends  upon  the  trapping 
of  sulfur  dioxide  in  a  dilute  peroxide  solution  and  its  conversion  to 
sulfuric  acid,  to  be  the  method  of  choice.^'  The  sulfuric  acid  thus  ob¬ 
tained  is  titrated  with  standard  alkali.  Actually,  it  is  clear  that  in  this 
method  the  total  acid  gases  in  the  air  are  determined,  but  we  have  found 
that  the  errors  of  the  other  methods— for  instance,  reducing  materials 
other  than  sulfur  dioxide  in  the  alkaline  iodine  method,  or  difficulty  in 
transport  of  the  fuchsin  reagent  in  the  colorimetric  method— outweigh 
the  errors  of  the  peroxide  method.  With  this  method,  sulfur  dioxide  con¬ 
centrations  of  the  order  of  0.01  ppm.  can  be  estimated. 

Sulfur  Trioxide 

Sulfur  trioxide  may  be  estimated  by  direct  titration  as  acid  and, 
gravimetrically,  as  barium  sulfate.  A  micromethod  has  been  described 
in  which  air  is  filtered  through  specially  prepared  filtered  disks  to  trap 
the  sulfur  trioxide.  The  amount  of  sulfur  trioxide  is  then  determined  by 
pH  measurements.  “ 


Carbon  Monoxide 

The  Laboratory  of  the  Department  of  Air  Pollution  Control  has  adapted 
the  United  States  Bureau  of  Standards  carbon  monoxide  tube^  for  the 
determination  of  carbon  monoxide  in  the  outside  air.  We  use  a  Stedman 
suprapubic  pump  to  draw  the  air  through  the  tube,  and  a  flowmeter  for 
measuring  the  amount  of  air  going  through  the  tube.  The  color  change  is 
then  evaluated  in  the  usual  mannep  with  the  aid  of  a  color  chart.  By  this 
method  we  have  estimated  carbon  monoxide  concentrations  of  the  order 
of  a  fraction  of  a  ppm.  to  as  high  as  13  ppm.  at  a  busy  intersection. 

Very  likely  the  method  of  choice  for  determination  of  carbon  monoxide 
in  air-pollution  work  is  the  infrared  spectrophotometer  method. 
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Nitrogen  Oxides 

The  method  commonly  used  is  to  collect  the  sample  with  the  aid  of  an 
evacuated  glass  vessel  of  about  5-liter  capacity  containing  10  ml.  of 
0.1  N  sulfuric  acid  and  three  drops  of  3  per  cent  hydrogen  peroxide 
solution.  The  nitrogen  oxides  are  converted  to  nitrates  and  are  estimated 
by  the  phenoldisulfonic  acid  method*^  The  concentration  of  nitrogen 
oxides  in  the  general  atmosphere  is  very  low,  and  in  our  laboratory  we 
generally  determine  these  gases  with  ozone. 

To  determine  nitrites,  we  prefer  the  modification  of  the  Griess-Illosvay 
method  using  yV-(l-naphthyl)  ethylenediamine  dihydrochloride  and  sulfa¬ 
nilamide.  12 


Ammonia 

I  Ammonia  and  ammonium  compounds  are  trapped  in  a  bubbler  containing 
0.005  N  sulfuric  acid  and  are  estimated  by  nesslerization.  Other  chemists 
recommend  trapping  ammonia  in  0.1  N  sulfuric  acid  in  an  impinger  at 
Icfm.,  adding  fixed  alkali,  distilling,  and  then  nesslerizing.  This  method 
seems  to  be  unnecessarily  complicated.  Ammonia  concentrations  are 
generally  of  the  order  of  0.01  to  0.05  ppm. 

Aldehydes 

Aldehydes,  generally  calculated  as  formaldehyde  and  sometimes  as 
acrolein,  may  be  sampled  by  passing  the  air  through  an  impinger  con¬ 
taining  potassium  or  sodium  metabisulfite  and  then  proceeding  with  the 
Goldman-Yagoda  iodometric  method.  Aldehyde  concentrations  range 
from  0.02  to  0.2  ppm. 


I  Cyanides 

‘  We  have  found  that  trapping  the  air  in  an  alkaline  solution  and  subse¬ 
quently  using  the  Gettler  and  Goldbaum  variation  “  of  the  Prussian  blue 
test  is  to  be  preferred  for  the  determination  of  cyanides.  The  thiocyanate 
method  does  not  appear  to  have  sufficient  sensitivity  for  air-pollution 
studies.  Generally  such  analyses  are  performed  in  connection  with 
specific  complaints  made  against  industrial  establishments. 

Fluorides 

One  of  the  methods  recommended  for  the  determination  of  fluorides  is 
that  of  passing  the  air  at  1  cfm.  through  an  impinger  containing  0.2  N 
sodium  hydroxide  solution.  The  trapped  fluoride  is  subsequently  esti- 
)  mated  by  use  of  the  alizarin  thorium  nitrate  method.  Other  micro- 
l  methods  have  been  detailed  in  the  literature. 

Ozone 

“Ozone,”  actually  total  oxidants,  is  generally  determined  by  passing 
the  air  to  be  tested  at  1  cfm.  through  an  impinger  containing  1  per  cent 
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potassium  iodide  in  0.1  N  sodium  hydroxide  solution.  The  ozone  may 
then  be  estimated  titrimetrically  or  spectrophotometrically.  We  use  a 
variation  of  this  method  by  which  ozone  can  be  estimated  in  the  presence 
of  sulfur  dioxide,  peroxides,  and  nitrogen  oxides.*®  “Ozone”  concentra-  i 
tions  range  from  0.001  to  0.003  ppm.  or  0.1  to  0.3  pphm.,  far  below  the  f 
ozone  concentrations  found  in  Los  Angeles. 

Hydrogen  Sulfide 

The  cadmium  sulfide  method  has  found  widespread  use  in  the  deter¬ 
mination  of  hydrogen  sulfide  in  air.  The  air  is  passed  through  a  cadmium  ( 
hydroxide  suspension  in  a  midget  impinger  at  0.075  cfm.  with  subsequent  |  ' 

colorimetric  estimation  of  the  trapped  sulfide.  The  hydrogen  sulfide  tube  [  8 
detector  is  inadequate  for  air-pollution  studies.  [ 


Lead 

The  Laboratory  of  the  Department  of  Air  Pollution  Control  has  been 
performing  considerable  work  on  the  estimation  of  lead  in  air  and  in 
particulate  matter  settled  out  of  the  air.  We  determine  lead  in  suspended 
particulate  matter  with  the  aid  of  high-volume  samplers,  using  a  special 
filter  paper  through  which  the  air  is  passed  at  30  to  70  cfm.  for  about 
one  or  two  hours.  The  lead  deposited  is  then  estimated  by  the  dithizone 
method. 


Hydrocarbons 

Hydrocarbons  may  be  sampled  by  use  of  freeze-out  devices.*®  The 
materials  condensed  in  this  matter  may  then  be  estimated  by  conventional 
methods.  The  amounts  are  often  of  macro  order  and  infrared  spectroscopy 
or  mass  spectroscopy  may  be  used  for  analysis.  Considerable  work  has 
been  done  in  this  regard  in  Los  Angeles. 

Other  Components 

Many  other  pollutants  such  as  arsenic,  vanadium,  etc.,  are  estimated 
on  a  micro  scale.  It  would  be  impossible  to  cover  all  of  these  in  this 
paper. 
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It  is  clear  from  the  description  of  the  methods  commonly  used  in  air- 
pollution  control  work  that  our  work  consists  mainly  of  determining  ) 
minute  amounts  of  material  in  a  relatively  large  volume  of  air.  Such  work  ( 
entails  difficulties  and  problems  not  ordinarily  met  in  microanalysis.  In  f 
the  manipulative  steps  of  such  analyses,  virtually  all  of  the  type  of  j 
equipment  commonly  used  in  microanalysis  is  used  by  air-pollution  | 
control  analysts,  in  addition  to  many  other  new  types  of  equipment.  f 
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SECTION  OF  BIOLOGY 

DEMOGRAPHIC  CONSIDERATION  OF  THE  CANCER  PROBLEM* 
By  Hardin  B.  Jones 

Donner  Laboratory  ol  Medical  Physics,  Division  ol  Medical  Physics, 
University  of  California,  Berkeley,  Cal. 

Cancer,  in  its  several  forms,  is  a  disease  associated  with  age.  The 
other  major  diseases  of  adult  life  also  are  associated  with  age,  and  the 
trends  of  each  disease  toward  increased  incidence  and  death  rate  as  age 
increases  are  remarkably  similar.^’^’^  Indeed,  any  major  disease  may  be 
used  to  characterize  the  health  of  a  population,  and  diseases  themselves 
are  related  in  association  (f ig  ur  es  1,  2,  and  3).  It  generally  follows  from 
these  arguments  that  the  physiologic  factors  that  establish  disease 
propensity  are  likely  related,  even  though  we  may  not  know  at  this  time 
how  directly  each  are  interrelated.  Thus  a  logical  beginning  of  a  study  of 
human  cancer  biology  can  be  made  through  survey  of  the  general  pattern 
of  the  appearance  of  diseases  by  age  and  cause.  This  approach  can  be 
termed  consideration  of  aging  and  disease.^’® 

Two  general  assumptions  provide  a  background  for  interpretation  of 
vital  statistics  in  terms  of  health: 

(1)  Health  is  defined  as  the  counterpart  of  disease;  or  health  is  stated 
to  be  inversely  proportional  to  disease;  or  it  may  be  assumed  that,  with 
decay  of  body  function,  disease  becomes  a  more  likely  experience.  (Any 
one  or  all  of  the  phrases  describing  this  assumption  are  sufficient  to 
support  the  arguments  that  follow.  The  arguments  will  go  farther  and  im¬ 
ply  that  decay  of  body  function  is  disease,  and  that  decay  comes  about 
through  disease  experience,  leading  to  the  theory  that  disease  begets 
disease  in  a  life-long  cycle.) 

(2)  The  death  rate  of  a  population  by  an  internal  cause  must  reflect  a 
measure  of  the  functional  vigor  of  the  people  who  die,  or  we  may  say  that 
the  death  rates  compared  by  cause  of  death  and  age  give  a  measure  of 
the  average  health  of  the  population  concerned. 

Justification  of  the  assumptions  for  the  interpretation  of  health,  dis¬ 
ease,  and  death  rate  is  the  fact  that  increasing  ages  within  a  population 
show  progressive  likelihood  of  the  event  of  terminal  disease.  This  is  not 
the  operation  of  a  single  factor  of  chance-of-disease-occurrence  being 
present  at  any  moment  through  life;  the  chance  of  disease  is  increasing 
when  individuals  of  progressively  older  ages  of  life  are  compared.  In 
fact,  the  increase  in  the  tendency  toward  fatal  disease  is  increasing  in 

*This  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section 
on  January  9,  1956. 

This  work  was  aided  by  the  Atomic  Energy  Commission  at  Berkeley,  Calif.,  by  the 
United  States  Public  Health  Service,  Bethesda,  Md.,  and  by  a  fellowship  from  the  Guggen¬ 
heim  Foundation,  New  York,  N.  Y. 
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a  logarithmic  and  precisely  uniform  way.  The  property  of  any  population 
to  become  more  susceptible  to  terminal  disease  by  logarithmic  progres¬ 
sion  of  susceptibility  is  a  striking  phenomenon  of  animal  biology.  Its 
mathematical  truth  was  first  noted  by  B.  Gompertz,  who  established  in 
1825  that  the  dwindling  of  the  numbers  of  people  alive,  as  life  tables 
progressed  to  older  ages,  was  the  consequence  of  a  uniform  logarithmic 
worsening  of  the  tendency  to  die  with  increasing  age.®  The  general  state¬ 
ment  of  this  relationship  is  that  the  older  a  person  becomes,  the  much 
more  likely  he  is  to  die.  Probably  people  of  every  culture  are  intuititively 
aware  of  the  Gompertz  force  of  mortality  which,  increasing  with  age,  is 
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described  in  the  graphic  consideration  of  the  age-specific  death  rates 
(figures  4  to  9).  During  early  adult  life  of  all  known  populations,  the 
rate  of  death  has  been  considerably  below  the  values  that  are  reached 
progressively  by  the  increase  in  the  age-specific  death  tendency  during 
the  adult  life  span.  Age-specific  death  rates  differing  by  a  factor  of  two 
are  found  between  any  group  of  individuals  who  are  approximately  eight 
years  displaced  in  chronological  age.  It  is  a  characteristic  of  all  human 
populations,  either  male  or  female,  from  any  country  and,  possibly,  at 
any  calendar  time,  that  this  aging-time  to  double  the  death  rate  is  eight 
years’  and,  possibly,  is  precisely  eight  and  one-half  years’  doubling  time. 
No  other  change  of  body  function  is  as  well  established  as  this  pre¬ 
cisely  determined  group  measure  of  physiologic  function,  health,  and 
bodily  decay. 

The  uniformity  of  the  doubling  of  the  death  rate  leads  to  the  conclusion 
that  aging,  on  the  average,  is  taking  place  at  the  same  rate-by-time  in  all 
peoples  (and  so,  too,  in  all  animal  populations  of  the  same  species) 
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Animal  populations  differ  from  human  population  in  that  they  each  have 
characteristic  times  for  the  death  rate  to  double  (table  1).  This  fact 
suggests  that  bodily  deterioriation  accumulates  as  a  consequence  of 
metabolic  activity  which,  in  humans,  is  controlled  by  similar  metabolic 
“clocks.”  Loeb  and  Northrup  in  1917^  and  Brody  et  al.  in  1923^  have 
suggested  a  physiologic  interpretation  for  the  function  of  death-rate- 
increase  with  age.  Pearl,  in  1927,^  believed  that  the  general  exponential 
progression  of  the  death-rate  function  indicated  that  everyone  has  just 
so  much  vitality,  which  is  used  up  without  replacement  until  he  dies 
with  its  exhaustion.  More  precisely,  the  interpretation  of  Loeb,  Northrup, 
and  Brody  was  that,  at  any  age,  the  rate  of  loss  of  vitality  (as  measured 
by  the  tendency  to  die)  is  proportional  to  the  amount  of  the  vitality  that 


Figure  3.  The  interassociations  of  major  diseases  by  occupational  groups 
for  England  and  Wales.  The  incidence  values  are  taken  from  The  Re4istrar 
General’s  Decennial  Supplement,  Occupational  Mortality  (1951)  England  ‘and 
'  Ifales.  The  20  groups  are;  (D  professional,  (H)  intermediate,  (in)  skilled, 
(IV)  partly  skilled,  (V)  unskilled,  (Ilia)  mineworkers,  (Illb)  transport  workers, 
(QIc)  clerical  workers,  (Illd)  armed  forces,  (Ille)  others  in  III,  (IVa)  agricultural 
workers,  (IVb)  others  in  IV,  (Va)  building  and  dock  laborers,  (Vb)  others  in  V, 

I  [ll(i)]  farmers,  rnia(i)]  hewers  and  setters  of  coal,  [llle(i)]  foremen  and  over- 
1  lookers,  [lVb(i)T  coal-mine  workers,  [Va(i)]  building  laborers,  [Va(ii)]  dock  labor¬ 
ers.  When  one  disease  is  elevated,  it  is  likely  that  all  diseases  are  elevated. 
The  variations  indicate  a  great  range  in  physiologic  age,  even  though  all  in- 
'  dividuals  are  at  the  same  chronologic  age. 

.  ..  observed  deaths  „ 

Mandard  mortality  ratios  =  -  X  lUU. 

expected  deaths 
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has  already  been  lost.  A  comparatively  inverted  reasoning  that  leads  to 
extension  of  this  interpretation  is  consideration  that  the  change  in  the 
pattern  of  the  death-rate-by-age  function  may  be  the  consequence  of  dis¬ 
function,  which  accumulates  progressively,  and  that  the  average  addition 
of  disrepair  of  the  body  in  an  increment  of  time  is  proportional  to  the 
amount  of  disrepair  that  has  accumulated  in  the  past.^’^ 

The  body  is  visualized  as  composed  of  a  great  many  functional  sys¬ 
tems  (many  in.  terms  of  kinds  and  numbers),  and  that  an  average  measure 
of  vigor  of  health  is  inversely  proportional  to  the  extent  to  which  func- 


FIGURE  4.  The  age-specific  death  rate  from  all  causes  of  death.  Selected 
countries  are  given  with  examples  from  their  immediate  past.  Note  the  reduction 
in  disease  rate  throughout  life  and  particularly  in  the  early  part  of  life.  All 
countries  are  approaching  a  physiologic  increase  of  the  death  rate  of  8.5  years  i 
doubling  time  in  the  later  part  of  the  life  span.  The  Netherlands,  Sweden,  Den¬ 
mark,  and  Cyprus  are  shown  to  have  an  apparent  doubling  time  of  7.0  years.  This 
is  explained  in  the  text.  As  diseases  of  early  life  recede,  the  logarithmic  pro¬ 
gression  of  the  death  rate  in  adult  life  appears  earlier  and  earlier,  and  at  a 
lower  intensity  of  the  death  rate,  I 

The  age-specific  death  rates  are  arranged  on  a  logarithmic  scale  against  time  I 
on  a  linear  scale.  A  straight  line  relationship  on  this  graph  indicates  that  rate 
of  expression  of  disease-deaths  at  any  time  is  a  function  of  accumulated  change  ! 
to  disease  and  death  in  the  past. 

All  death  rate  values  are  for  the  various  ages  of  individuals  in  a  population 
on  the  indicated  calendar  year. 
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Figure  6.  Abstract  populations  of  the  Netherlands.  Each  disease  group  dies 
only  of  the  disease  indicated.  The  function  is  an  all-cause-of-death-function  for 
a  population  that  dies  of  only  a  single  cause.  The  method  of  calculation  is  de¬ 
scribed  in  the  text.  The  populations  dying  of  tuberculosis,  cirrhosis,  nephrosis, 
and  cancer  are  shown  to  be  distinctly  different  from  the  average  causes  of  death 
in  the  population.  They  are  not  average  causes  of  death  because  of  the  much 
greater  age-specific  intensity  of  the  death  rate  process.  Hypertension  and  coro¬ 
nary  heart  disease  appear  to  qualify  much  more  as  diseases  to  which  the  average 
population  may  have  an  equal  tendency.  They  are  in  the  same  position  as  the  all- 
cause-of-death-function  for  the  Netherlands.  This  analysis  is  based  upon  the 
1953  death  list  of  the  Netherlands. 


Figure  7.  Age-specific  death  rates  for  all  causes  of  deaths  and  for  abstract 
subpopulations  of  the  Netherlands  and  the  United  States.  Physiologic  age  is 
markedly  different  for  these  two  countries;  it  is  clearly  indicated  by  the  all- 
cause-of-death-function.  The  abstract  populations  show  the  same  difference  in 
physiologic  age  and  establish  beyond  doubt  that  the  intensity  of  development  of 
atherosclerotic  disease  is  postponed  by  seven  years  in  the  Netherlands  as  com¬ 
pared  to  the  United  States.  The  abstract  population  of  diabetics  suggests  that 
after  50  there  is  a  marked  worsening  of  the  average  diabetic  compared  to  the 
average  population  with  regard  to  tendency  to  disease  and  death. 
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disease  is  a  measure  of  disrepair,  the  thought-model  of  aging  suggests 
that  the  existence  of  disrepair  or  disfunctionable  units  of  the  body  al¬ 
lows  for  the  generation  of  further  units  of  disfunction,  and  that  the  rate 
of  extension  of  each  such  unit  of  disrepair  is  at  a  constant  rate— perhaps 
due  to  a  constant  quality  of  body  metabolism  to  extend  disrepair/*^  The 
average  reprcduct ion  time  for  the  average  kind  of  bodily  disfunction-unit 
is  then  eight  and  one-half  years  for  human  populations. 

While  the  rate  of  increase  in  disrepair  is  apparently  the  same  for  all 
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FIGURE  8.  The  age-specific  death  rates  of  abstract  subpopulations  that  will  c 
die  of  cancer.  The  Netherlands  and  Sweden  are  shown  by  the  extremes  of  the  .  S 
population  subgroups  of  urban  and  rural  ways  of  life.  The  cities  of  Sweden  and  '  s 
the  Netherlands  suggest  a  slightly  higher  intensity  of  carcinogenesis,  but  only  |  b 
in  midlife.  Both  rural  and  urban  Sweden  have  changed  by  four  to  five  years  of  )  f 
physiologic  age  in  the  intensity  of  carcinogenesis  since  1911.  This  degree  of  I  b 
change  is  also  apparent  in  the  average  death  tendency  of  the  Swedish  popula-  *  a 
tion.  A  selected  subpopulation  of  males  dying  only  of  cancer  of  the  stomach  is  n 
not  plotted,  but  shows  the  same  relative  shift  in  physiologic  ages  toward  more  o 
youthful  death  rates  by  1951.  See  TABLE  2,  the  text,  and  H.  B.  Jones.’  o 
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Figure  9,  showing  the  inhomogeneity  of  the  population  of  the  United  States 
with  respect  to  incidence  of  death  as  a  uniformly  progressing  change.  When  the 
death  rate  is  relatively  low,  the  population  that  supplies  the  deaths,  at  any  age 
of  low  death  rate,  remains  rather  constant  in  internal  composition  of  subgroups, 
each  of  which  has  a  different  tendency  toward  disease  and  death.  When  the 
death  rates  become  greatly  different  between  associated  subgroups  of  a  popula¬ 
tion,  the  subgroup  having  the  much  higher  death  rate  reaches  an  age  at  which  it 
is  consumed  by  death  very  rapidly  by  the  high  death  rate  of  that  age.  The  re¬ 
maining  population  becomes  more  homogeneous  and  is  progressively  more 
characteristic  of  the  remaining  lower-death-rate  group  that  survives.  The  United 
States  is  possibly  more  heterogeneous  with  regard  to  its  subgroups  than  are 
some  of  the  other  countries  shown  in  FIGURE  2.  It  is  noted  particularly  that  the 
bending-over  of  the  curve  of  the  population  of  the  United  States  by  cohort, 
FIGURE  2,  is  explained  on  the  basis  of  its  composition  by  subgroups  of  differ¬ 
ing  death  rates.  The  approximate  positions  of  the  subgroups  as  characterized  by 
age-specific  death  rate  are  indicated  in  the  figure  for  both  the  white  and  the 
nonwhite  (Negro)  subpopulations.  Today  the  most  favorably-lived  is  the  average 
of  the  entire  male  population  of  Sweden,  or  of  the  Netherlands,  or  of  Denmark,  or 
of  Norway. 
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Table  1 

Doubling  Times  of  the  Progression  of  the  Death  Rate  for 
THE  Fly,  the  Mouse,  the  Guinea  Pig,  and  Man 

Drosophilia  (at  25°  C.)  8.5  days 

Mouse  (laboratory)  2.8  months 

Guinea  pig  (laboratory)  8.0  months 

Man  8.5  years 

human  populations,  we  may  examine  the  facts  that,  at  any  age,  com¬ 
parisons  between  populations  indicate  that  there  can  be  great  differences 
in  the  death  rate  from  any  or  all  causes.  Comparison  by  incidence  of 
death  from  the  major  diseases  leads  to  the  same  general  relative  rank¬ 
ing  of  populations  and  subpopulations  (figures  1  to  4),  and  the  same 
serial  placement  of  countries  by  age- specific  disease  tendency  may 
be  made  from  the  all-cause-of-death  function.  If  population  records 
of  census,  death,  and  cause  of  death  could  be  collected  upon  an  ab¬ 
solute  basis,  identification  of  great  differences  in  health  of  popula¬ 
tions  probably  would  be  established.  The  problem  and  methods  of  es¬ 
tablishing  an  argument  of  differences  in  physiologic  age  and  health  re¬ 
quires  special  consideration.^’® 

Use  of  vital  records  shows  that  the  countries  of  the  western  world  are 
decreasing  their  age-specific  disease  death  rate  at  every  age  of  life, 
and  that  this  change  has  been  going  on  progressively  throughout  this 
century.  A  possible  explanation  for  this  mechanism  is  that  the  associ¬ 
ation  of  every  disease  as  a  causative  factor  with  every  other  disease  is 
also  changing  in  the  time  sequence.  In  this  way,  diseases  of  earlier  life 
are  being  reduced,  including  the  lowering  of  infectious  and  childhood 
diseases.  Individuals  now,  from  childhood  on,  live  in  a  more  favor¬ 
able  climate  free  of  disease.  Their  general  health  remains  better,  and 
they  have  fewer  diseases  at  any  age  in  adult  life,  including  the  internal 
disease  of  adult  life  such  as  cancer,  heart  disease,  and  hypertension. 
All  populations  have  not  had  changes  to  the  same  extent  with  regard  to 
improvement  of  diseases  of  early  life,  and  most  populations  and  popula¬ 
tion  subsamples  have  relatively  great  differences  in  disease  experiences 
throughout  life.  As  a  consequence  of  this,  and  of  the  fact  that  every 
disease  is  to  some  extent  related  to  every  other  disease,  one  would  ex¬ 
pect  to  find  a  positive  interrelationship  between  the  major  diseases  of 
adult  life.  Such  positive  relationships  can  be  measured  directly  from 
disease  incidence  rates  (figures  1,  2,  and  3).  They  can  be  better  esti¬ 
mated  from  abstract  methods  of  predicting  disease  tendency  in  the  sub¬ 
groups  that  are  selected  as  susceptible  to  each  of  the  major  diseases. 
(This  particular  method  is  independent  of  most  of  the  errors  of  population 
record  keeping,  which  make  for  such  extraordinary  differences  as  near- 
absence  of  reported  heart  disease  in  France  and  an  equally  absurd  low 
rate  of  cerebral  vascular  disease  reported  in  Switzerland).  Several 
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I  methods  for  measuring  disease  tendency  at  a  comparative  adult  age  in 
all  countries  show  that  all  of  the  major  diseases  tend  to  be  associated, 
and  that  there  is  a  marked  tendency  for  high  cancer  incidence  or  low 
cancer  incidence  to  be  predicted  from  high  or  low  total  adult  death  rate. 
Similar  measureable  relationships  exist  between  any  of  the  so-called 
internal  diseases.  These  problems  are  more  fully  discussed  with  methods 
for  estimating  them  in  another  paper.® 

Some  readers  may  be  puzzled  by  statements  in  this  paper  that  cancer 
and  other  degenerative  diseases  appear  to  be  on  the  wane,  even  though 
)  much  current  literature  gives  the  impression  that  such  diseases  as  cancer 
I  and  heart  disease  are  increasing.  This  discrepancy  can  be  explained  by 
the  declining  tendency  toward  infectious  diseases  early  in  life,  which 
allowed  larger  numbers  of  individuals  to  reach  ages  when  these  internal 
diseases  are  more  likely  to  occur.  The  absolute  number  of  cancer  and 
internal  disease  deaths  per  unit  of  the  population  has  increased,  but  the 
tendency  towards  internal  diseases  is  smaller  if  disease-  or  death- 
incidence  measurements  are  made  for  individuals  at  the  same  year  of 
life.  The  entire  population  is  now  living  longer,  and  the  average  age  when 
internal  disease  will  probably  occur  is  delayed,  even  though  death  will 
result  largely  from  internal  diseases  rather  than  infectious  diseases. 

Cancer  and  the  Subpopulations  Dying  ot  Cancer 
Considerable  evidence  has  been  presented  that  cancer  incidence  and 
the  total  disease  rate  are  interrelated.  It  has  also  been  shown  that  there 
are  differences  between  countries  and  subpopulations  with  respect  to 
either  the  incidence  of  cancer  or  the  rate  of  development  of  cancer. 
These  differences,  it  has  been  noted,  are  of  a  smaller  relative  range  of 
variation  than  may  usually  be  observed  for  arteriosclerotic  disease.  The 
f  following  list,  giving  the  range  of  variation  of  age  by  disease  tendency, 
can  be  used  to  estimate  the  extent  of  variation  in  age-specific  cancer 
'  tendency  throughout  the  world  today: 


Differences  in  Age  of  22  Countries  or  Subpopulations 
Compared  at  Ages  Having  the  Same  Disease-death  Rate 


Disease 

Cancer 

Coronary  heart 
Cerebral  vascular 


Total  range  Two  standard  deviations 


9.3  years 
25  years 
20  years 


3.1  years 
8  years 
7  years 


Cancer,  like  other  diseases,  is  probably  related  to  specific  provoking 
factors,  the  intensity  of  which  may  vary.  The  above  list  suggests  that 
provoking  factors  for  cancer  are  relatively  less  variant  than  the  provok¬ 
ing  factors  for  vascular  disease,  but  nevertheless  cancer  varies  in  its 
tendency.  The  general  trend  estimated  for  cancer  and  all  of  the  major 
diseases  is  a  progressively  less  intense  age-specific  incidence  as 
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calendar  time  progresses.  Nevertheless,  for  lung  cancer  the  story  is 
quite  different.  Doll  (1953)  has  presented  strong  evidence  that  lung 
cancer  is  increasing  steadily  throughout  the  world  and  that  this  increase  | 
is  associated  with  the  use  of  cigarettes  and  tobacco.  In  this  case,  a  i 
single  provoking  cause  of  cancer  is  on  the  increase,  even  though  the  ^ 
general  health  of  the  populations  examined  here  indicates  a  progressive 
improvement  and,  even  though  smoking  may  induce  other  early  disease 
in  smokers,  this  century’s  trend  is  toward  a  lower  age-specific  disease 
rate,  including  that  of  cancer. 

The  abstraction  of  the  cancer  deaths  to  give  estimated  death  rates  for 
those  who  will  die  of  cancer  leads  to  some  interesting  findings.  This 
measurement  may  be  taken  to  be  an  estimation  of  the  rate  of  development 
of  the  cancer  process  for  the  average  of  the  population  concerned.  (This 
becomes  very  reasonable  if  we  can  accept  either  that  cancer  is  not  high¬ 
ly  curable  or  that,  if  it  is  cured,  the  cure  rate  is  not  a  function  of  age. 

A  second  fact  that  makes  it  possible  to  examine  the  abstract  age-specific 
death  rate  as  the  rate  of  average  carcinogenesis  is  that  the  death  rate  of 
those  who  die  of  cancer  becomes  greatly  elevated  with  respect  to  the 
average  death  tendency  of  the  average  person.  In  this  way  the  average 
cancer  death  occurs  a  short  time  after  the  appearance  of  the  cancerous 
state  relative  to  normal  life  expectancy,  and  thus  the  rate  of  death  by 
cancer  is  in  early  equilibrium  with  the  number  of  cases  of  cancer  that 
are  formed  and  hence  in  equilibrium  with  and  a  measure  of  the  average 
process  that  converts  the  normal  state  to  the  cancer  state.) 

The  abstract  age-specific  death  rates  from  cancer  for  the  cancer  sub¬ 
populations*  of  Sweden  and  of  the  Netherlands  are  considerably  more 
intense  than  the  age-specific  death  rates  for  all  causes  in  the  general 
population.  This  difference  is  true  at  all  ages  and,  from  this  fact,  it  may 
be  estimated  that  the  individuals  who  die  of  cancer  are  not  generally 
identifiable  with  the  average  population  of  Sweden  or  the  Netherlands 
(figures  6,  7,  and  8)  for,  if  they  were,  they  should  have  given  a  dis¬ 
tribution  of  ages  similar  to  the  distribution  of  average  age  at  death  from 
all  causes  in  the  general  population.  The  latter  circumstances  would 
have  given  an  abstract  age-specific  death  rate  in  identical  agreement 
with  the  all-cause-of-death  function  for  the  entire  population.  It  may 
then  be  estimated  that  the  population  that  will  die  of  cancer  is  a  rather 
special  subgroup  within  the  population  of  Sweden  and  the  Netherlands, 
and  that,  possibly,  the  entire  population  may  not  have  a  basic  tendency 
for  cancer  to  develop,  just  as  the  similarly  abstracted  subpopulations  of 
those  who  will  die  of  tuberculosis,  or  cirrhosis,  or  diabetes  always  all 
have  much  more  intense  age-specific  death  rates  for  those  who  will  die 
of  these  diseases  than  the  average  death  rate  of  the  population  from  all 
causes.  These  subpopulations  of  very  unhealthful  people  involve  limited 


^Male;  female  population  not  analyzed. 
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numbers.  For  cancer  deaths  in  the  United  States,  the  estimated  abstract 
age-specific  cancer  death  rate  indicates  a  cancer  population  that  is 
dying  at  about  the  same  general  rate  as  the  average  population  is  dying 
of  all  causes  of  death  (table  2).  However,  this  cancer  subpopulation  is 
at  nearly  the  same  age-specific  death  rate  as  these  same  cancer  groups 
in  Sweden  and  in  the  Netherlands  (table  2  and  figures  6,  7,  and  8). 
This  suggests  that  the  subpopulations  that  die  of  cancer  are  far  more 
similar  among  the  three  countries  than  are  the  outward  averages  of  total 
disease  rates  for  the  entire  populations  of  these  countries.  Considering 
the  very  wide  spread  of  differences  that  have  been  noted  internally  in 
populations,^  it  seems  possible  that  such  cancer  subpopulations,  among 
countries  of  subgroups,  may  indeed  have  a  number  of  common  disease¬ 
determining  factors  and  similar  disease-rate  tendencies  in  spite  of  the 
possible  gross  dissimilarities  of  the  parent  groups.  It  is  suggestive  that 
a  special  population  is  susceptible  to  cancer  and  that,  in  general,  it  has 
a  higher  age-specific  death  rate  than  the  total  populations  of  Sweden  and 
the  Netherlands.  Using  a  compilation  of  tumor  incidence  in  Sweden  for 
the  years  1911  and  1912  prepared  by  Gunner  Nystrom,  it  is  possible  to 
examine  the  tendency  to  develop  cancer  over  a  period  of  nearly  one  half 
of  a  century.  The  Nystrom  listing  is  a  comprehensive  report  for  tumors  in 
the  whole  of  Sweden  by  age  and  sex,  by  district,  and  by  pathologic 
classification.  General  comparisons,  of  course,  are  subject  to  the  prob¬ 
lems  of  lack  of  death-certificate  documentation  and  changes  in  the 
classifications  of  the  various  tumors,  and  there  is  apparent,  in  the  list¬ 
ing  of  the  Nystxom  report,  an  absence  of  a  number  of  neoplastic  diseases 
that  are  separately  given  in  current  death  lists.  However,  examination 
of  the  tendency  toward  death  by  cancer  has  been  completed,  using  the 
abstract  age-specific  death  rate  method,  which  is  not  sensitive  to  the 
average  errors  of  imperfect  vital  statistic  records  and  of  pathologic 
classifications.  The  results  are  listed  in  table  2  for  all  tumors,  by 
rural  districts,  by  urban  areas,  and  by  carcinoma  of  the  stomach.  These 
results  are  for  the  Swedish  male,  and  comparable  values  are  given  cal¬ 
culated  from  the  death  lists  and  census  for  the  year  1951.  The  abstract 
age-specific  death  rate  from  cancer  has  shifted  in  intensity  over  the  past 
40  years.  The  rate  of  development  into  cancer  of  those  who  died  of 
cancer  in  1911  was  as  great  as  that  of  the  Swedish  male  today  who 
develops  cancer,  the  latter  being  five  years  older.  The  trend  is  quite  un¬ 
mistakable  that  the  cancer  physiologic  age  was  not  as  young  in  1911  as 
it  is  today  at  the  same  chronologic  age.  In  examining  further,  it  is  an 
advantage  to  select  a  form  of  cancer,  cancer  of  the  stomach,  which  may 
have  remained  as  a  similar  classification  over  the  period  of  time  and 
for  which  environmental  factors  may  be  estimated.  Cancer  of  the  stomach 
is  the  only  good  choice  that  may  be  made,  for  these  reasons; 

(1)  The  apparent  pathologic  classification  has  remained  much  the 
same. 


COMPARISONS  OF  MALE  DEATH  RAVES;  ALL  CAUSES  OF  DEATH  AND  ABSTRACT  CANCER  DEATH  RATE 
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(2)  In  both  1911  and  1951  there  are  no  significant  shifts  relative  to 
rural  and  urban  populations  of  Sweden  as  to  either  the  incidence  death 
rate  from  cancer  of  the  stomach  or  the  abstract  death  rate  for  those  who 
die  of  cancer  of  the  stomach.  This  is  important,  as  over  the  40  years 
there  has  been  a  redistribution  of  the  population  of  Sweden  favoring 
urbanization. 

(3)  Cancer  of  the  stomach  has  prominent  symptoms  that  will  aid  in  the 
diagnosis. 

(4)  If  cancer  of  the  stomach  is  related  to  food  habits,  there  are  many 
factors  of  custom  that  will  have  tended  to  keep  these  habits  somewhat 
similar  over  the  period  of  time.  It  is  observed  that  age-specific  com¬ 
parison  of  the  development  rate  of  cancer  of  the  stomach  in  1911  to  1912 
and  in  1951  shows  a  marked  difference  interpreted  as  a  change  of  physio¬ 
logic  age  by  5  years,  and  that  the  Swedish  male  in  1911  was  more  prone 

I  to  the  early  development  of  this  form  of  cancer.  If  the  reader  wishes  to 
compare  the  incidence  of  cancer  of  the  stomach  in  the  Swedish  popula- 
'  tion,  for  whatever  reliability  these  statistics  may  have,  they  are; 

Males,  aged  45  to  64  0.92  i  .03  deaths  per  1000  in  1911  to  1912. 

Males,  aged  45  to  64  0.68  ±.08  deaths  per  1000  in  1953. 

The  interpretation  of  stomach-cancer  incidence  values,  in  line  with 
the  argument  that  has  been  presented,  is  that  this  single  type  of  cancer 
^  has  become  less  prevalent  and  is  developing,  among  those  who  are 
susceptible  to  it,  less  rapidly  today  than  in  1911.  This  change  in  tend¬ 
ency  toward  cancer  could  be  explained  as  a  4-to-5  year  change  in  the 
age-specific  physiologic  age,  so  that  the  Swedish  male  of  these  ages  is 
today  physiologically  4  to  5  years  younger  than  he  would  have  been  had 
he  been  at  the  same  chronologic  age  in  1911.  This  difference  is  the  same 
as  was  observed  in  the  lowering  of  the  tendency  to  die  from  every  cause 
of  death  that  has  also  been  attributed  (in  this  text)  to  an  increase  in  the 
general  vigor  of  the  average  person.  It  has  been  argued  that  this  gain  in 
health  has  been  associated  with  the  general  diminution  of  diseases  over 
the  past  century. 

Demographic  Considerations  oi  Populations  Already  Having  Cancer 

From  the  progression  of  the  death  rate  from  all  causes,  we  have  seen 
that  the  death  rate  becomes  doubled  in  human  populations  every  eight 
and  one-half  years  of  increase  in  age,  and  physiologic  argument  is  pre¬ 
sented  that  such  change  with  age  reflects  basic  metabolic  decay  of  body 
function.  It  is  not  surprising  that  the  age-specific  incidence  of  develop¬ 
ment  of  cancer  in  the  general  population  follows  the  same  mathematical 
function  of  increase  in  incidence  intensity  with  increase  in  age,  ap¬ 
proximately  doubling  every  eight  and  one-half  years.  In  an  earlier 

section  it  was  also  explained  that  the  character  of  the  death-rate  in- 
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crease  with  age  can  represent  fundamental  change,  leading  to  develop¬ 
ment  of  the  cancer  state.  In  spite  of  the  increase  of  the  death  rate  with 
age,  the  death  rate  for  the  population  at  large  is  relatively  low,  even  in 
the  higher  reaches  of  old  age,  as  compared  to  the  death  rates  that  can 
be  seen  in  selected  groups  where  selection  is  based  upon  individuals 
already  having  malignancy.  Thus  the  death  rate  for  populations  already 
having  malignancy  is  in  the  range  of  100  deaths  per  1000  individuals  per 
year  to  rates  approaching  2000  deaths  per  1000  individuals  per  year.  The 
average  human  malignancy,  such  as  carcinoma  of  the  breast,  has  death 
rates  that  approximate  200  to  400  deaths  per  1000  per  year.  Most  of  these 
death  rates  would  be  seen  in  the  general  population  only  if  the  population 
were  well  over  70  years  of  age.  It  can  be  shown  that  these  death  rates 
both  characterize  cancer  and  tend  to  characterize  certain  classifications 
of  cancerous  disease.  It  is  a  remarkable  fact  that  the  death  rate  for  all 
kinds  of  cancer  remains  nearly  fixed  from  the  moment  when  cancer  is 
identified,  so  that  the  individual  having  cancer  has  a  constant  and 
characteristically  high  death  rate  for  the  entire  duration  of  his  disease. 
Thus  if  cancer  survival  studies  are  examined  in  the  method  of  figure  10, 
a  straight-line  relationship  will  be  observed  between  the  logarithmic 
scale  of  survival  and  the  linear  measure  of  time  duration  of  the  disease. 
Those  familiar  with  the  calculus  and  with  such  problems  as  decay  of 
isotopes  will  immediately  be  able  to  recognize  the  straightness  of  this 
line  as  indicating  that  the  death  rate  is  the  same  at  all  times  after  the 
establishment  of  the  cancer  state.  Only  mammary  cancer  groups  are  shown 
in  FIGURE  10, but  the  same  relationships  hold  for  every  cancer  described 
in  the  following  sections  of  this  paper,  with  the  exception  of  the  disease 
polycythemia  vera,  which  does  not  show  this  phenomenon.  All  of  the  re¬ 
maining  cancers,  then,  show  a  characteristic  death  rate,  and  the  inter¬ 
pretation  of  this  may  be  extended  further  by  stating  that  usual  circum¬ 
stances  that  lead  to  worsening  or  progression  of  a  disease  lead  to  signs 
of  that  worsening.  If,  then,  we  consider  the  progression  of  cancer  as  at¬ 
tributable  mainly  to  the  intergrowth  of  cancer  masses  in  the  body,  the 
death  rates  in  the  various  cancer  groups  should  become  more  intensive  as 
time  of  the  duration  of  the  disease  increases.  This  circumstance  is 
never  seen  in  human  cancers.  The  death  rate  early  in  the  disease  is 
strikingly  similar  to  death  rates  in  the  middle  course  or  at  the  end  of  the 
disease,  so  that  the  person  having  cancer,  while  he  has  a  high  death 
risk,  does  not  decrease  his  chance  of  survival  by  having  already  lived 
some  time  with  his  disease.  There  is  abundant  evidence,  however,  for  a 
terminal  phase  of  cancer,  and  the  death  rate  of  this  phase  is  in  the  range 
of  1000  deaths  per  1000  individuals  per  year. 

In  contrast  to  human  cancers,  transplanted  cancers  in  experimental 
mice  kill  the  animal  with  death  rates  that  progressively  increase  after 
time  of  transplantation,  so  that  the  death-rate-progression  function  in 
cancerous  mice  is  a  very  satisfactory  replica  of  what  is  known  of  the 
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Figure  lO,  showing  the  percentage  of  survival  of  treated  and  untreated 
cancer  cases  followed  up  to  10  years.  The  scale  of  survival  is  logarithmic.  Time 
is  adjusted  to  read  years  from  treatment  and,  in  the  untreated  series,  years  from 
reported  onset,  or  years  from  first  contact  with  the  physician  reporting.  All 
cases  fit  a  straight  line  having  a  halftime  between  2  to  2.5  years.  It  may  be 
seen  from  inspection  of  the  figure  that  approximately  50  per  cent  of  the  patients 
in  all  of  the  series  remain  at  2  to  2.5  years;  25  per  cent  remain  at  4  to  5  years; 
and  12.5  per  cent  remain  at  6  to  7.5  years.  There  is  no  significant  difference  in 
the  survival  tendency  of  any  of  the  cases  reported  on  this  graph. 
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increase  in  the  transplanted  tumor  tissue  in  the  mouse.  Death  frequently 
occurs  when  tumors  have  grown  so  that  preponderance  of  the  body  mass 
is  measurably  tumor. 

In  human  cancer,  no  counterpart  of  growth  of  experimental  transplants 
in  the  mouse  is  observed,  and  the  argument  is  advanced  for  the  tentative 
theory  that  the  causes  of  death  in  human  cancer  have  less  to  do  with  the 
extensive  growth  of  cancer  than  they  do  with  some  other  explanation  of 
the  metabolic  state  in  cancer. 

A  form  of  logarithmic  analysis  such  as  that  presented  in  figure  10 
has  been  used  to  summarize  a  representative  selection  from  basic  papers 
in  the  literature  of  cancer  survival  in  the  various  cancer  disease  groups 
studied.  These  groups  are  listed  in  the  following  tabulation  in  terms  of 
disease,  source,  and  death  rate  by  logarithmic  analysis.  Death  rate  is 
given  in  terms  of  deaths  per  1000  individuals  per  year.  The  method  is 
sensitive  to  cancer  classifications  that  have  mixed  survival  rates  when 
the  survival  rates  are  different  by  a  factor  of  2.  The  method  is  also 
sensitive  to  detect  fractions  of  the  population  that  have  “normal”  sur¬ 
vival  rates  or  rates  of  survival  that  are  definitely  slower  than  the  death 
rate  given  by  a  factor  of  5.  The  method,  in  fact,  is  so  sensitive  that  5  to 
10  per  cent  of  individuals  in  a  cancer  population  approximating  a  normal 
death  rate  could  be  detected  in  a  series  of  follow-ups  of  100  cases.  It 
is  rare  to  find  individuals  in  a  tumor  follow-up  classification  who  com¬ 
prise  even  a  small  group  having  a  normal  death  rate. 

Breast  Cancer 
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Perhaps  no  form  of  cancer  has  received  more  attention  than  cases 
of  cancer  of  the  breast,  of  which  there  are  records  of  considerable  use¬ 
fulness  as  early  as  1910 

8  9  10  11  12 

Nathanson  and  Welch  '  ’  '  '  in  1937  summarized  statistics  of  cancer  j 
survival  in  a  paper  that  directly  infers  a  great  difference  in  the  survival 
tendency  of  treated  and  untreated  cancer  cases,  with  a  marked  improve-  c 
ment  of  the  survival  tendency  of  those  having  treatment.  Several  logical  [ 
points  for  statistical  control  of  this  series  were  overlooked.  The  collec-  j 
tion  of  case  material  for  breast  cancer  and  other  cancers  reported  by  j 
Nathanson  and  Welch  was  such  that  time  is  measured  from  the  onset  of  / 
cancer.  Any  case  dying  before  the  initiation  of  treatment  became  a  part  I 
of  the  untreated  series.  Cases  that  died  during  treatment,  or  closely  fol¬ 
lowing  treatment,  were  discarded  because  of  the  possible  effect  of  the 
severity  of  treatment. 

Exponential  analysis  of  this  material  is  not  sensitive  to  these  errors, 
and  it  can  be  shown  at  once  in  the  examination  of  figure  10  that  the 
death  rate  of  both  the  untreated  cases  reported  by  Nathanson  and  Welch 
and  the  treated  cases  die  at  the  same  rate,  namely  280  deaths  per  1000 
individuals  per  year  for  the  entire  time  of  the  duration  of  cancer.  The 
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two  series  are  displaced  by  an  error  in  considering  the  origin  of  the 
comparison  as  the  onset  of  the  disease;  and,  in  the  treated  series,  the 
population  is  adjusted  to  100  per  cent  survival  at  the  end  of  treatment, 
which  gives  the  treated  series,  at  any  year  of  duration  of  the  disease,  a 
year’s,  “head  start”  in  which  no  deaths  occur.  No  part  of  either  series 
suggests  a  hidden  group  having  a  significantly  lower  death  rate  than  the 
average  for  the  group. 

Daland’s^^  untreated  group  is  also  shown  in  figure  10.  The  survival 
rate  of  his  untreated  group  is  300  deaths  per  1000  individuals  per  year. 
Fractionation  of  material  presented  by  Nathanson  and  Welch  shows  that 
death  rate  in  cancer  is  only  slightly  influenced  by  age,  and  that  the  death 
rate  for  cases  below  40  in  the  Nathanson  and  Welch  series  is  270  deaths 
per  1000  individuals  per  year,  whereas,  over  40,  it  is  220  deaths  per 
1000  individuals  per  year. 

Lewis  and  Rienhoff  in  a  follow-up  including  the  original  Halsted 
series  in  the  tradition  of  the  Halsted  treatment  of  breast  cancer  may  be 
broken  down  in  two  ways: 

(1)  If  it  is  considered  a  single  homogeneous  group  of  cancers,  the 
death  rate  for  the  entire  series  is  365  deaths  per  1000  individuals  per 
year.  However,  the  Halsted,  Lewis,  and  Rienhoff  series  is  so  large  in 
numbers  that  a  more  precise  fractionation  of  survival  tendency  may  be 
made.  This  indicates  that  of  those  with  metastasis  present  at  the  time 
of  treatment,  33  per  cent  have  a  death  rate  of  163  deaths  per  1000  per 
year,  and  67  per  cent  have  a  death  rate  of  1000  deaths  per  1000  individu¬ 
als  per  year. 

(2)  In  the  Lewis  and  Rienhoff  group  seen  initially  without  evidence  of 
metastasis,  10  per  cent  of  the  group  appears  to  have  a  normal  survival 
rate  of  less  than  20  deaths  per  1000  per  year.  Of  this  group,  54  per  cent 
have  a  death  rate  of  129  deaths  per  1000  per  year,  and  36  per  cent  have  a 
death  rate  of  576  deaths  per  1000  per  year. 

A  follow-up  of  a  large  series  of  cases  treated  in  England  shows  100 
per  cent  dying  at  404  deaths  per  1000  per  year.  Greenwood’s  analysis^* 
shows  that  women  from  25  years  to  44  years  have  a  25  per  cent  higher 
death  rate  than  those  from  45  to  75.  These  are  respectively  480  deaths 
per  1000  per  year  and  330  deaths  per  1000  per  year.  The  treated  cases  of 
Greenwood  show  that  of  those  having  metastasis  to  lymph  nodes,  40  per 
cent  die  at  a  rate  of  700  deaths  per  1000  per  year;  60  per  cent  die  at  a 
rate  of  250  deaths  per  1000  per  year.  No  low  death  rate  group  is  present 
among  the  cases  followed  who  initially  showed  lymph-node  involvement. 
Greenwood's  grade  1  cases  who  were  without  axillary  involvement  at  the 
time  of  treatment  show  a  death  rate  of  32  deaths  per  1000  per  year  for  the 
entire  group.  This  rate  is  probably  not  significantly  different  from  the 
death  rate  of  a  normal  population  that  might  have  been  similarly  drawn  at 
that  time. 
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Calculated  from  Harrington  (Mayo  Clinic) 

Second  National  Cancer  Conference,  Vol.  I,  p.  252 

Survival  and  death  rates  can  be  calculated  from  this  follow-up  to  20  years 
for  this  large  series  of  surgically  treated  cases.  Fractionation  of  these  groups 
by  the  exponential  method  of  determining  homogeneity  of  death  rate  and  the 
death  rate  is  shown  above.  | 

Harrington  lists  his  patients  by  whether  metastasis  was  detectable  at  opera-  I 
tion  and  the  pathology  of  the  cancer  by  cell  type  according  to  Broder’s  classifi-  / 
cation.  Grades  1  and  2  are  borderline  and  least  grades  of  malignancy.  Grades  3  I 
and  4  are  those  commonly  held  as  malignant  in  mammary  carcinoma  and  are  the  ) 
most  abundantly  seen  in  those  cases  already  showing  metastasis  at  operation. 
The  percentage  of  cases  with  metastasis  or  without  metastasis  falling  into  each 
of  Broder’s  classifications  is  given.  For  each  of  Broder’s  classifications,  either 
with  or  without  metastasis,  the  follow-up  has  been  fractioned  into  the  percentage 
dying  identifiably  at  a  rate  that  would  be  characteristic  of  a  normal  population 
and  a  percentage  dying  at  an  accelerated  rate.  Those  that  die  at  an  accelerated  ) 
rate  have  a  rate  that  is  characteristically  the  same  as  those  shown  for  the 
treated  or  untreated  cases  of  mammary  carcinoma  shown  in  FIGURE  10;  namely, 
death  rates  of  half-times  of  2  to  3  years  and  death  rates  from  200  to  300  deaths 
per  1000  per  year. 

The  numbers  having  normal  life  expectancy  in  the  groups  studied  by  Harring¬ 
ton,  either  with  or  without  metastasis,  are  listed  in  the  last  column  as  a  per¬ 
centage  of  the  group  having  normal  life  expectancy.  The  sum  of  this  column  with 
metastasis  present  indicates  that  of  all  those  seen  with  metastasis,  11  per  cent 
will  have  normal  life  exi>eciancy.  Of  those  seen  without  metastasis,  55  per  cent  i 
will  have  normal  life  expectancy. 

The  Harrington  study  is  a  strong  argument  in  favor  of  the  contention  that 
cures  are  possible  for  treated  cancer  cases.  However,  these  cures,  at  the  most 
are  11  per  cent  of  those  already  showing  metastasis,  and  the  tabulation  shows 
that  there  is  a  rapid  decline  of  the  percentage  of  cases  having  normal  life  ex-  , 
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Ipectancy  as  Broder’s  grade  of  malignancy  increases,  leaving  the  proof  for  this 
relatively  small  effect  upon  the  sureness  of  the  pathologic  grading  and  the 
ability  of  the  Broder’s  classification  alone  to  establish  malignancy  in  mammary 
carcinoma. 

(Cases  seen  without  metastasis  also  establish  a  strong  argument  that  cancer 
may  be  cured  if  caught  early.  However,  grade  1  without  metastasis  uniformly 
shows  normal  life  expectancy.  This  also  suggests  that  grade  1  mammary  carci¬ 
noma,  especially  without  metastasis,  is  possibly  a  disease  entirely  different 
from  the  usual  mammary  carcinoma.  Grade  2  without  metastasis  is  very  similar 
to  grade  1,  uniformly  showing  a  death  rate  only  slightly  elevated  compared  to 
the  normal  population.  Considering  the  ranges  of  differences  in  physiologic 
ages  within  the  American  population,  these  individuals  are  not  provably  dif¬ 
ferent  from  the  normal  population  in  death  rate.  Grades  3  and  4  show  progressive- 
f  ly  fewer  cases  having  normal  death  rate,  50  per  cent  and  36  per  cent  respective- 
I  ly,  and  those  that  die  at  an  accelerated  rate  do  so  at  a  rate  characteristic  for 
malignant  mammary  carcinoma. 

Proof  of  the  curability  of  cancer  in  such  a  series  should  require  a  concept  of 
provability  of  malignancy,  and  this  requires  objective  tests  other  than  the  Broder 
classification. 

I  The  Small  and  Dutton^^  series  is  summarized  as  follows: 

(1)  Nonradical  treatment,  including  those  who  are  untreatable,  among 
'  those  less  than  50  years  of  age:  65  per  cent  have  death  rates  in  excess 
of  1000  deaths  per  1000  per  year;  35  per  cent  have  death  rates  of  161  per 
1000  per  year.  Among  50-  to  70-year-old  females,  62  per  cent  have  a 
rapid  death  rate  exceeding  1000  deaths  per  1000  per  year;  38  per  cent 
have  a  death  rate  of  173  per  1000  per  year.  In  the  group  over  70  years  of 
age,  28  per  cent  exceed  in  death  rate  1000  deaths  per  1000  per  year;  72 
I  per  cent  have  a  death  rate  of  230  deaths  per  year. 

:  (2)  Radical  mastectomy  in  women  less  than  40  years  of  age:  100  per 

i  cent  have  death  rates  of  165  per  1000  per  year.  In  41-  to  50-year-old 
I  females,  100  per  cent  have  a  death  rate  of  115  deaths  per  1000  per  year. 

:  In  51-  to  60-year-old  females,  100  per  cent  have  a  death  rate  of  133 
'  deaths  per  1000  per  year.  In  70-year-old  females,  100  per  cent  have  a 
death  rate  of  145  deaths  per  1000  per  year.  The  follow-up  of  this  material 
I  extends  to  20  years;  and  while  it  does  not  show  that  there  is  a  significant 
group  within  any  of  the  treated  cases  who  have  death  rates  low  enough  to 
be  within  the  “normal”  range,  the  death  rates  for  this  entire  series  in¬ 
i'  elude  individuals  who  would  be  in  the  normal  range  of  death  rate  had 

I  they  been  in  their  80th  to  90th  year  of  age.  It  is  a  tempting  analogy  to 
draw  the  comparison  between  the  death  rate  of  groups  from  mammary 
cancer  with  the  death  rates  of  the  upper  ages  of  the  life  span.  They  are 
indeed  of  similar  intensities,  and  relatively  little  difference  is  seen  in 
the  death  rate  of  the  case  of  mammary  carcinoma  regardless  of  age, 
Hatrington^^  of  the  Mayo  Clinic,  Rochester,  Minn.,  in  an  extraordinarily 
well-kept  follow-up,  accounts  for  4,034  patients  traced  who  originally 
=  were  treated  when  metastasis  was  already  present.  Altogether,  2,263 
i  cases  in  his  series  were  treated  without  detectable  metastasis  at  the 


I  time  of  treatment.  Each  of  these  two  groups  are  broken  down  into  patho- 
x-  I  logic  grades  by  Broder  cell-type  classification.  The  four  groups  of  the 

X _ _ _ _ _  _ 
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Harrington  follow-up  have  been  reanalyzed  by  exponential  analysis.  The 
results  are  presented  in  table  3.  In  grades  3  and  4  with  metastasis, 
91  and  92  per  cent  respectively  of  these  populations  are  dying  at  death 
rates  of  255  and  363  deaths  per  1000  per  year  respectively.  The  low 
death  rate  groups  are  largely  seen  in  Broder’s  grades  1  and  2,  where 
43  per  cent  and  28  per  cent  are  individuals  having  “normal”  death  rates. 
For  those  without  metastasis,  grade  1  without  metastasis  uniformly 
shows  a  normal  death  rate.  Grade  2  without  metastasis  uniformly  shows 
a  slightly  higher  than  average  normal  death  rate,  35  deaths  per  1000  per 
year.  This  is  not  the  death  rate  commonly  observed  in  cancer  popula¬ 
tions.  Grade  3  and  grade  4  without  metastasis  show  50  per  cent  and  64 
per  cent  having  death  rates  of  200  deaths  per  1000  per  year,  and  the  re¬ 
maining  50  per  cent  and  36  per  cent  have  normal  death  rates.  The  death 
rates  of  populations  of  mammary  cancer  where  the  grade  of  malignancy  is 
established  are  exceedingly  high  compared  to  the  normal  population.  The 
low  death  rates  observed  in  the  above  groups  are  associated  with  border-  i 
line  grades  of  malignancy.  It  is  also  possible  that  those  cases  caught  in  I 
grades  1  or  2,  or  those  in  general  caught  without  metastasis,  are  those 
caught  early  in  the  course  of  disease  and  hence  “cured.”  Unfortunately 
the  background  of  material  which,  in  other  series,  has  comprised  a  control 
population,  does  not  exist  for  these  recent  series  which  have  led  the  in¬ 
vestigators  involved  to  regard  these  forms  of  cancer  as  of  established 
malignancy.  It  is  equally  possible  to  say  that  these  may  be  different 
kinds  of  cancers  with  different  prognoses. 

Miller  and  Pendergrass.^^  With  regard  to  earliness  of  treatment  and 
contrast  to  size  of  tumor.  Miller  and  Pendergrass  have  been  able  to  show 
that  survival  at  the  fifth  year  is  greatest  among  those  who  had  smaller 
tumors  at  the  time  of  initial  treatment  in  addition  to  the  good  prognostic 
sign  of  lack  of  lymph  node  involvement.  In  their  series  of  cases  reaching 
surgery,  where  the  tumor  size  was  less  than  50  mm.,  247/524  cases,  or 
47  per  cent  survived  for  five  years,  but  of  the  tumors  under  50  mm.  that 
were  also  under  two  weeks  in  duration  of  the  disease,  42  survived  out  of 
66,  or  64  per  cent.  The  difference,  which  is  only  probably  significant, 
bears  out  the  idea  that  smallness  in  size,  as  a  measure  of  a  slowly 
progressing  disease,  is  associated  with  favorable  prognosis.  This  would  J 
be  an  argument  for  early  detection.  I 

Sbimkin  et  al.,^'^^  in  one  of  the  most  critically  constructed  examina¬ 
tions  of  survival  in  mammary  cancer,  have  followed  two  series.  Series  1 
were  all  cases  who  had  previously  been  treated  for  mammary  cancer  and 
in  whom  mammary  cancer  had  recurred.  These  cases  were  divided  into 
three  groups:  147  that  had  radical  mastectomy  originally;  86  that  had  \ 
simple  mastectomy  initially;  and  28  that  had  simple  mastectomy  original-  I 
ly  and  were  reoperated  upon  by  radical  operation  and  subsequently  fol¬ 
lowed.  The  survival  populations  in  the  Shimkin  series  are  plotted  in 
FIGURE  10.  In  both  the  group  that  originally  had  simple  mastectomy  and 
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the  group  that  had  radical  mastectomy,  survival  rate  is  the  same,  being 
276  deaths  per  1000  per  year  in  both  groups.  In  this  case  an  analytical 
argument  can  be  constructed  to  the  effect  that,  for  those  who  subse¬ 
quently  have  recurrence  of  their  mammary  disease,  the  death  rate  is  the 
same  whether  they  had  radical  operation  or  a  simple  form  of  mastectomy. 
The  smaller  series  of  28  cases  in  the  Shimkin  analysis  appears  to  have 
a  more  favorable  death  rate,  but  examination  shows  that  this  group  is 
constructed  in  terms  of  time  from  initial  treatment.  In  this  case,  retreat¬ 
ment  has  been  initiated;  and  when  this  group  is  recalculated  so  that 
death  rate  is  calculable  from  the  time  of  retreatment,  the  treated  recur¬ 
rence  group  shows  no  significant  difference  from  the  death  rate  of  the 
other  two  recurrence  groups.  Shimkin’s  series  2  are  those  known  initially 
to  have  had  radical  operation  and  to  have  died  of  or  with  breast  cancer. 
Of  these,  75  cases  were  in  stage  1  at  initial  operation,  and  these  have  a 
death  rate  of  280  deaths  per  1000  per  year.  Altogether,  157  cases  are  at 
stage  2,  and  the  follow-up  death  rate  is  395  deaths  per  1000  per  year.  A 
total  of  140  cases  at  stage  3  at  initial  operation  had  a  death  rate  of  460 
deaths  per  1000  per  year.  The  Shimkin  analysis  presents  a  totally  uniform 
and  elevated  death  rate  for  those  with  persistent  or  recurring  mammary 
cancer. 

Nohrman,^  in  a  study  of  1,042  cases  in  which  294  were  operated  at 
stage  1  without  evidence  of  metastasis,  found  that  47  per  cent  had  death 
rates  similar  to  normal  rates,  and  that  53  per  cent  had  death  rates  of  131 
per  1000  per  year.  Altogether,  473  cases  were  operated  at  stage  2,  at 
which  time  there  was  microscopic  evidence  of  metastasis.  Of  these 
cases,  10  per  cent  in  the  10-year  follow-up  suggest  a  normal  death  rate, 
but  the  follow-up  is  not  sufficiently  complete  to  be  certain.  Ninety  per 
cent  of  the  cases  are  dying  at  230  deaths  per  1000  per  year.  Two  hundred 
cases  were  originally  observed  with  generalized  advanced  metastasis 
and  were  classed  inoperable.  The  death  rate  of  this  group  is  1,150  deaths 
per  1000  per  year,  and  this  death  rate  is  probably  characteristic  of 
patients  in  the  terminal  stage  of  illness. 

Nystrom^^  lists  untreated  cases  as  well  as  treated  cases  in  a  popula¬ 
tion  of  Sweden  in  1911,  1912,  and  1913.  The  untreated  group  was  set 
aside  for  the  same  reason  that  excluded  the  treated  groups  in  other 
series.  These  cases  comprised  the  individuals  who  refused  operation  or 
who  had  already  advanced  to  an  inoperable  state.  It  is  remarkable  that 
the  death  rate  in  this  group  is  still  60  per  cent  of  330  deaths  per  1000 
per  year;  and  40  per  cent  of  190  deaths  per  1000  per  year  as  analyzed 
by  logarithmic  means.  In  this  case  a  further  refinement  of  analysis  may 
be  made,  for  the  total  pool  of  patient  material  is  recorded.  Moreover,  the 
numbers  available  to  be  treated  or  left  untreated  are  tabulated,  as  well 
as  the  duration  of  time  from  initial  symptoms  to  treatment  and  from  treat¬ 
ment  to  death,  or,  in  the  untreated  group,  from  onset  to  professional 
contact  to  death.  This  closed  group  shows  that  the  longer  the  cancer 
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patient  lives,  the  more  it  becomes  likely  that  he  will  be  seen  in  medical 
consultation,  and  that,  the  longer  he  lives,  the  more  likely  it  will  be 
that  he  will  receive  medical  treatment.  Those  that  are  left  untreated  are 
those  that  have  become  untreatable.  In  consequence  of  a  peculiar  sam¬ 
pling  of  patient  material  as  time  from  the  onset  of  cancer  progresses, 
there  is  more  and  more  likelihood  that  the  patient  will  become  a  member 
of  the  treated  group,  and  less  and  less  likelihood  that  he  will  remain  in 
the  untreated  group.  As  a  consequence  of  this  phenomenon,  the  dis¬ 
tribution  of  durations  of  life  among  untreated  patients  is  not  character¬ 
istic  of  what  might  have  been  seen  if  the  cancer  patients  had  been  left 
untreated.  In  most  methods  of  constructing  death  rates  for  cancer  popula¬ 
tions,  the  untreated  cases  are  considered  an  independent  sample;  but 
if  the  untreated  cases  are  corrected  for  the  shrinkage  of  the  membership 
as  a  result  of  cases  removed  by  treatment,  it  is  possible  to  make  a  guess 
concerning  the  natural  death  rate  of  cancer  cases.  When  the  Nystrdm 
series  is  calculated  in  terms  of  deaths  per  death  risk,  it  appears  that 
the  death  rate  of  the  untreated  mammary  carcinomas  in  terms  of  deaths  per 
unit  of  the  population  untreated  at  any  time  may  be  as  low  as  88  deaths 
per  1000  per  year.  This  rate  is  constant  for  any  period  of  duration  of 
mammary  cancer.  This  raises  the  crucial  question  concerning  treatment 
of  breast  cancer  and,  indeed,  of  all  other  forms  of  cancer  treatment,  for 
in  all  the  history  of  medical  research,  there  exists  no  control  series  for 
cancer  treatment.  It  is  obviously  possible  that  the  high  death  rates  re¬ 
ported  in  “untreated”  series  of  Greenwood,*®  Nathanson  and  Welchf’®’*°'**’** 
Daland,*®  and  others  have  exactly  the  same  biasing  factors  foreshorten¬ 
ing  the  natural  distribution  of  duration  of  disease  in  the  untreated  groups 
by  taking  off  those  who  live  long  enough  to  be  treated.  It  is  a  reasonable 
possibility  that  the  natural  duration  of  cancer  in  patients  at  large  and  in 
those  who  are  in  terminal  state  is  considerably  greater  than  is  now  sup¬ 
posed,  and  that  these  cases  may,  indeed,  have  a  longer  life  expectancy 
than  when  they  undergo  the  treatment  by  surgery  and  treatment  by  radiation. 

In  summarizing  population  groups  known  to  be  afflicted  by  mammary 
cancer,  all  follow-up  groups  show  uniformly  high  death  rates  when  the 
grade  of  cancer  is  of  established  malignancy.  Favorable  survival  per¬ 
centages  are  a  function  of  various  admixtures  of  bordering  grades  of 
pathologic  types  for  which  there  is  no  provable  concept  that  treatment 
has  altered  the  course  of  the  disease.  It  is  not  possible  to  make  a  certain 
evaluation  of  the  fact  that  cancer  may  be  arrested  if  “caught  early.”  If 
early  treatment  leads  to  cure,  series  of  cancers  reported  are  already  far 
past  the  point  of  early  cure,  or  the  populations  are  metabolically  charac¬ 
terized  by  a  high  death  rate. 
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Cancer  oi  the  Bladder 

Whitmore?^  Twenty  per  cent  of  cases  having  a  simple  total  cystectomy 
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have  a  normal  death  rate,  while  80  per  cent  have  a  death  rate  of  770  per 
1000  per  year.  Of  those  having  radical  cystectomy,  100  per  cent  have  a 
death  rate  of  770  per  1000  per  year.  No  criterion  of  cancer  is  established 
in  the  20  per  cent  having  normal  death  rate. 

Cancer  of  the  Cervix 

ILyncii.^  Five-year  survival  of  55  per  cent. 

Nathanson  and  IFe/cA.®’’’ Treated  cases,  55  per  cent  dying  at 

1  230  deaths  per  1000  per  year;  45  per  cent  at  630  deaths  per  1000  per 
year.  Untreated  cases,  1000  deaths  per  1000  per  year.  Because  of  the 
method  of  selection  of  untreated  cases,  the  death  rate  in  the  untreated 
:  group  may  really  be  no  greater  than  in  the  treated  group. 

Greenwood.  Among  untreated  cases,  35  per  cent  had  a  rate  of  563 
deaths  per  1000  per  year,  and  65  per  cent  a  rate  of  1600  deaths  per  1000 
per  year,  based  upon  1,749  cases. 

(Kottmeier.^  In  5,569  cases  in  Sweden,  adequately  large  samples  fol¬ 
lowed  from  1915  to  1943  show  that  approximately  16  per  cent  in  1915  had 
a  death  rate  similar  to  that  of  normal  women.  This  percentage  increases 
progressively,  being  26  per  cent  of  the  normal  rate  in  1930  and  44  per 

I  cent  of  the  normal  rate  in  1943.  At  no  period  of  time  is  there  any  abrupt 
change  in  the  fraction  having  a  normal  death  rate  in  the  treated  cases. 
The  Nystrom^  tabulation  for  Sweden  for  the  years  1911,  1912,  and  1913 
shows  a  uniformly  high  death  rate  for  all  cases,  being  greater  than  600 
'  deaths  per  1000  treated  or  untreated.  In  the  Kottmeier  series,  the  ma¬ 
jority  of  the  cases  have  accelerated  death  rates  that  remain  un¬ 
changed  every  year,  half  being  530  deaths  per  1000  per  year  and  ap¬ 
proximately  halt  greater  than  1000  deaths  per  1000  per  year.  It  is  not 
possible  to  derive  a  criterion  of  initial  malignancy  in  the  sizeable 
fraction  that  has  a  normal  death  rate  in  the  Kottmeier  series.  These  are 
^  either  cases  of  carcinoma  of  the  cervix  that  were  cured,  or  are  cases 
i  with  a  milder  type  of  disease  than  is  usually  reported.  The  transition 
has  occurred  gradually.  Hopefully,  but  not  probably,  they  represent  a 
cancer  cure. 

Fibrosarcoma 

)  Nathanson  and  IFe/cA.®’®' One  hundred  per  cent  death  rates,  191 
I  deaths  per  1000  per  year, 

I  Cancer  of  the  Esophagus 

j  Greenwood.^^  One  hundred  per  cent  death  rates,  1100  deaths  per  1000 
per  year. 

Nathanson  and  IFe/c/i.®>®’ One  hundred  per  cent,  960  deaths  per 
1000  per  year— all  categories  of  treatment;  100  per  cent,  960  deaths  per 
I  1000  per  year— untreated.  The  apparent  reference  to  improvement  with 
treatment  in  the  Nathanson-Welch  paper  is  due  to  the  different  time  scale 
for  the  treated  and  untreated  series  explained  earlier. 
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Lip  Cancer 


Nathanson  and  Welcn. 


Lower  lip,  treated. 

100%, 

141  deaths 

per  1000  per  year. 

Upper  lip 

65%, 

87  ” 

Untreated  cancer 

35%, 

990  ” 

M  II  II  M 

of  the  lip 

100%, 

725  ” 

II  II  II  If 

Cancer  of 

the  Tongue 

,  .  8,9,10,11,12 

Welcn. 

40%, 

278  deaths  per  1000  per  year. 

60%, 

1700  ” 

II  II  II  II 

Cancer  of  the  Antrum 

8,9,10,11, 12 

41%, 

221  deaths  per  1000  per  year. 

59%, 

1400  ” 

II  II  II  II 

TAYLOR -WALLACE 
□  $  metostoses,  169  cases 
■  E  metastases,  261  cases 
SIMMONS 

A  $  metastases,  39  cases 
A  E  metastases,  98  cases 
HAA6ENS0N 

O  disease  to  breast,  I8S  cases 
A  involved  oxillary  nodes,  381 
•o  BOYD 

I  metastases 

>  E  metastases,  235  coses 

MAYO  CLINIC,  HARRINGTON 
O  5  metastases,  2,427  cases 
•  E  metastases,  3722  cases 
McWHIRTER 
+  simple  surgery  +  X-ray 
X  surgery  alone 

®  HALSTED 


5  10  15  20 

YEARS  AFTER  OPERATION  OR  ONSET 


Figure  11,  showing  the  survival  of  treated  cases  of  mammary  carcinoma 
considered  as  a  sample  of  the  series  reported  by  cases  having  no  detectable 
metastasis  at  initial  treatment  and  those  with  metastasis  at  initial  treatment. 
Throughout  the  literature  of  mammary  carcinoma  survival,  five-year  survivals  in 
excess  of  40  per  cent  include  those  cases  seen  at  initial  treatment  without 
metastasis.  The  majority  of  cases  treated  with  metastasis  follow  closely  to  the 
line  of  Halsted  (see  FIGURE  10).  A  special  consideration  of  the  Harrington 
cases  is  made  in  TABLE  3. 
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Cancer  ol  the 

100%,  580  deaths  per  1000  per  year. 
Leukemia,  Hodgkin’s  Disease,  Lymphoma 


28 

Lawrence.  Chronic  lymphatic 


leukemia. 

Chronic  myelogenous 

100%, 

238  deaths  per  1000  per  year. 

Nathanson 

leukemia, 

and 

100%, 

510  ”  ”  ”  ”  ” 

Lymphatic  leukemia. 

100%, 

340  deaths  per  1000  per  year. 

Shimkin.^^ 

Myelogenous  ” 
Hodgkin’s  Disease. 

100%, 

24Q  >»  »i  »»  i»  n 

Males, 

100%, 

347  deaths  per  1000  per  year. 

Females, 

100%, 

299  »>  >»  »>  »>  ft 

Nathanson 

The  difference  between  males 
established. 

and  Welch.  ®’®' 

and  females  is  significantly 

Lymphoma, 

100%, 

300  deaths  per  1000  per  year. 

Hodgkin’s  Disease 

100%, 

345  ”  ”  ”  ”  ” 

Melanoma 


Pack  and  Livingston.^^  Males,  100%, 

Females,  100%, 

Allen  and  Spitz.  ^  Males,  100%, 

Females,  100%, 

Natbanson  and  IFe/ch.  100%, 


364  deaths  per  1000  per  year. 

250  .  ” 

470  deaths  per  1000  per  year. 

270  M  »»  »»  »>  »> 

230  deaths  per  1000  per  year. 


Osteogenic  Sarcoma 

Nathanson  and  Welch.  100%,  375  deaths  per  1000  per  year. 


Prostatic  Carcinoma 


j  Colston?^  100%,  192  deaths  per  1000  per  year,  with  radical  operation. 

I  100%,  300  ”  ”  ”  ”  ”  ,  with  orchiectomy. 

^  Note;  Small  series  not  statistically  different. 

I  ThompsonP  Seven  years’  follow-up,  100%,  410  deaths  per  1000  per  year, 

I  orchiectomy  treatment. 

)  Bumpers.^  Seven  years’  follow-up  with  1000  cases,  radium,  100%,  320 
^  deaths  per  1000  per  year. 

I  Untreated  cases,  100%,  500  deaths  per  1000  per  year. 

^  Nathanson  and  IFe/c/j. 

Treated,  100%,  530  deaths  per  1000  per  year. 

Untreated.  100%,  700  . .  ”  ” 
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Nesbit  and  Baum?*  With  orchiectomy  of  those  who  did  not  have  metas¬ 
tasis  at  time  of  treatment,  IOC  per  cent,  240  deaths  per  1000  per 
year.  Those  with  metastasis  having  orchiectomy,  315  deaths  pet 
1000  per  year. 


AGE 

Figure  12,  showing  the  survival  of  cases  treated  radiologically  from  the 
British  Empire  Cancer  Campaign,  according  to  stage  of  progression  of  the 
disease  at  time  of  initial  treatment.  The  slope  of  the  survival  populations  is 
somewhat  steeper,  indicating  a  slightly  more  rapid  death  rate  in  those  who  are 
initially  seen  at  the  advanced  stage  3,  compared  to  the  earliest  stage  1.  There 
is  also  a  slight  difference  between  cases  reported  from  Great  Britain  and  groups 
in  the  United  States,  the  British  populations  tending  to  have  a  slightly  longer 
surviving  time.  The  reason  for  this  is  not  known,  but  it  can  be  expected  to  lie 
within  the  populations  concerned  as  much  as  within  the  method  of  treatment. 
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Figure  13,  showing  survival  of  cancer  populations  in  deaths  per  1000  per 
year,  as  compared  to  survival  of  other  populations  of  identified  disease  groups 
and  other  populations  at  large. 
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Diethylstilbesterol,  100  per  cent  of  those  without  metastasis  at 
time  of  treatment  have  165  deaths  per  1000  per  year.  Diethylstil¬ 
besterol,  those  with  metastasis,  100  per  cent,  570  deaths  pet 
1000  per  year. 

Diethylstilbesterol  plus  orchiectomy— for  those  initially  without 
metastasis,  255  deaths  per  1000  per  year;  those  with  metastasis, 
300  deaths  per  1000  per  year. 

The  untreated  group  initially  without  metastasis  is  100  per 
cent,  510  deaths  per  1000  per  year;  and  those  with  metastasis, 
620  deaths  per  1000  per  year. 

Rectal  Cancer 

Pack  and  Livingston.^  Surgery  or  surgery  plus  X  rays,  1000  deaths  per 
1000  per  year.  Untreated,  990  deaths  per  1000  per  year. 

Natbanson  and  Welch.  ®’ 

Treated,  100%,  530  deaths  per  1000  per  year. 

Untreated,  100%,  1000  ” 

Lee.^  100%,  450  deaths  per  1000  per  year.  No  difference  in  death  rate 
from  groups  age  45  to  age  70. 

Greenwood.  Untreated,  46%,  577  deaths  per  1000  per  year. 

54%,  1600  ”  ”  ”  ”  ” 

Lockhart-Mununery?^  100%,  400  deaths  per  1000  per  year.  Note:  Lockhart- 
Mummery  dropped  out  of  the  series  deaths  other  than  cancer  in 
deriving  his  figures  on  mortality.  The  above  death  rate  is  cor¬ 
rected  on  the  basis  that  death  from  intercurrent  disease  is  at  a 
rate  as  high  as  death  from  cancer  in  cancer  of  the  rectum.  The 
corrected  death  rate  is  twice  as  high  as  would  be  obtained 
directly  from  Lockhart-Mummery’s  paper. 

Cancer  of  the  V ulva 

Natbanson  and  H'e/c/i.  100%,  240  deaths  per  1000  per  year. 

Cancer  of  the  Vagina 

Natbanson  and  H'e/c/j.®’®'^®'”’*^  45%,  198  deaths  per  1000  per  year. 

55%,  867  ”  ”  ”  ”  ” 

Carcinoma  of  the  Stomach 

Walters,  Gray  and  Priest  ley. Carcinoma  of  the  stomach  given  by  Broder’s 
Grade  1,  100%,  31  deaths  per  1000  per  year,  treated 

Grade  2,  100%,  108  ”  ”  ”  ”  ”  ” 

Grade  3,  100%,  238  ”  ”  ”  ”  ” 

Grade  4,  100%,  290  .  ”  ”  ” 

All  cases  with  metastasis  at  the  time  of  treatment,  100  per  cent, 
345deaths  per  1000  per  year.  Note:  This  series,  of  low  Broder’s 
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I  Figure  14,  showing  factors  of  health  throughout  life  and  childhood  health. 
The  patterns  of  death  rate  intensities  of  populations  appear  to  be  established 
early  in  life.  Death  rates  of  all  ages  have  been  diminishing  steadily  since  the 
early  nineteenth  century.  Death  rates  at  5  years  and  at  50  years  are  also  as¬ 
sociated  in  intensity  at  any  calendar  year,  but  the  linear  progression  for  the 
same  cohorts  compared  at  5  years  and  when  they  become  50  years  shows  a  very 
.  remarkable  and  linear  relationship  in  which  time  is  not  calendar  time  but  degree 
I  of  physiologic  improvement,  or  physiologic  time.  While  it  is  not  to  be  concluded 
I  that  Sweden  and  the  Netherlands  have  achieved  the  optimum  in  possible  hygienic 
climate,  the  figure  suggests  that  these  two  countries  have  achieved  the  greatest 
relative  health  throughout  life  yet  observed.  The  woman  in  Finland  is  at  the 
same  position  she  would  be  in  more  favorably  lived  countries  in  consideration  of 
the  level  of  childhood  she  has  experienced.  The  population  of  Denmark  is  one 
of  the  most  favorably  lived,  but  the  relationship  suggests  that  it  should  be  even 
more  favorably  lived  than  it  is  now.  The  man  in  Finland  is  suggested  to  have  a 


greater-than-average  death  rate  both  because  of  childhood  disease  experience 
and  adult  life  hazards.  Some  of  the  marked  deviations  of  the  adult-life  death 
rates  in  the  populations  of  the  United  States,  England  and  Wales,  and  Finland 
appear  to  be  on  a  basis  of  factors  of  disease  that  were  not  revealed  in  the 
childhood  disease  pattern  and  are,  therefore,  expected  to  be  found  in  disease 
provocations  in  adult  life.  The  physiologic  scale  of  time  indicates  that  even 
the  marked  shift  of  the  adult  death  rates  in  these  instances  to  less  favorable 
positions,  allows  the  factor  of  childhood  health  to  be  of  major  importance  in 
establishing  the  health  of  adult  life.  The  extremes  of  the  subgroups  of  England 
and  the  United  States  are  shown  in  a  position  which  assumes  that  these  sub¬ 
groups  had  the  same  childhood  disease  experience  as  the  entire  country  to  which 
they  belong.  This  assumption  is  exceedingly  unlikely.  It  is  quite  probable  that 
much  of  the  spread  of  adult  death  rates  of  these  subgroups  might  be  explained 
on  the  basis  of  the  childhood  disease  experiences  also,  were  they  known. 
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grades  of  pathologic  type,  is  associated  with  death  rates  much 
more  like  the  normal  population. 

Greenwood.  Untreated,  100%,  890  deaths  per  1000  per  year. 

Cancer  of  the  Thyroid 

Lahey.^*  Papillary  adenosarcoma 
Adenoma 

Malignant  papillary  carcinoma 
Cystadenoma 
Fibrosarcoma 
Alveolar  adenosarcoma 
Small  cell  carcinoma 
Giant  cell  carcinoma 

Discussion 

With  the  few  exceptions  noted,  all  of  the  groups  of  cancer  types  com¬ 
prise  elevation  of  the  death  rate  as  contrasted  with  death  rates  in  the 
population  at  large.  Death  rate  of  groups  with  cancer  maintain  the  same 
death  rate  throughout  the  disease,  and  the  death  rate  does  not  advance 
with  duration  of  the  disease.  This  finding  is  also- apparent  in  the  cal¬ 
culations  of  Greenwood,^®  who  showed  that  the  death  rate  of  his  un¬ 
treated  cases  of  cancer  was  essentially  the  same  at  every  interval  after 
establishment  of  cancer.  This  fact  can  lead  to  some  speculations  as  to 
the  nature  of  the  biology  of  human  cancer.  First,  it  can  be  inferred  that 
the  events  taking  place  in  the  precancerous  period  that  are  responsible 
for  the  evolution  of  the  cancer  state  show  a  “growth”  phenomenon,  and 
that  the  likelihood  of  the  establishment  of  a  cancer  condition  is  growing 
by  a  doubling  of  the  probability  that  it  may  occur  every  eight  and  one- 
half  years.  Having  occurred,  every  kind  of  human  cancer  does  not  worsen 
the  probability  of  terminal  illness  of  the  disease  as  the  disease  pro¬ 
gresses,  all  forms  having  a  fixed  and  high  death  rate.  This  suggests 
that,  following  the  establishment  of  the  cancer  s^ate,  some  other  event 
occurs,  probably  definable  in  metabolic  terms,  and  that  this  final  event 
is  the  one  that  causes  the  terminal  illness.  This  final  event  is  happening 
at  any  time,  at  random.  Part  of  the  random  nature  of  such  events  could 
be  explained  on  the  basis  of  scattered  metastases  randomly  encroaching  | 
upon  body  function.  However,  only  a  fraction  of  cancer  follow-up  sug-  * 
gests  that  death  is  due  to  recurrence  of  the  cancer  in  an  advanced  state. 
Cancer  populations  are  also  characterized  by  a  high  rate  of  death  from 
intercurrent  disease.  The  high  rate  of  death  from  intercurrent  disease  is 
equally  as  great  as  the  rate  of  death  from  cancer  itself.  While  it  is  not  ’ 
possible  to  establish  a  general  metabolic  basis  of  cancer  as  a  disease,  I 

current  evidence  certainly  suggests  this  as  one  of  the  possibilities.  A  | 


43  deaths  per  1000  per  year. 
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reason  why  a  half  century  of  search  for  cures  of  cancer  has  been  meager 
in  expected  findings  may  be  that  the  population  that  shows  cancer  may 
be  already  aged  from  the  standpoint  of  intact  metabolic  function,  so  that 
cancer  is  only  one  of  the  manifestations  that  occurs  in  this  diseased 
population.  The  evidence  for  cancer  cure  lies  in  a  few  special  studies 
where  it  is  not  possible  to  defend,  through  biological  controls,  a  dif¬ 
ferentiation  between  mild  diseases  that  are  slow-growing  or  nonmaiignant 
and  between  small  growths  that  are  malignant  but  caught  early. 

Early  evidence  for  the  responsiveness  of  cancer  to  treatment  is  based 
on  untreated  cases  that  comprised  a  sort  of  control.  For  the  most  part, 
it  has  been  shown  that  crude  analysis  of  the  populations  involved  by  the 
exponential  method  of  establishing  the  death  rate  gives  a  death  rate 
largely  identical  and  undistinguishable  from  the  death  rate  of  the  treated 
series  of  cancer.  It  has  been  pointed  out  that  a  larger  error  existed  in 
the  Nathanson  and  Welch  review  of  cancer  treatment  in  that  treated  cases 
were  displaced  in  time  and  gave  rise  to  an  apparent  constant  improve¬ 
ment  in  survival  compared  to  the  untreated  cases.  The  Nathanson-Welch 
review  of  treated  and  untreated  cancers  of  all  kinds  in  re-evaluation 
shows  that  improvement  obtained  in  the  cases  of  treated  cancer  vanishes 
when  the  error  is  corrected. 

A  much  more  serious  dilemma  in  the  cancer-treatment  problem  arises 
in  consideration  of  the  fact  that  all  of  the  so-called  controls  for  such 
cancer  series  as  do  exist  are  controls  in  which  the  untreated  series 
competes  for  cases  with  the  treated  series,  so  that  the  cases  of  longer 
duration  tend  to  be  put  into  the  treated  series.  No  certain  mathematical 
means  can  eliminate  these  ancient  errors.  It  has  been  suggested  that  the 
untreated  cases  are  perhaps  longer-lived  than  the  treated  cases,  and  the 
evidence  is  strong  enough  to  warrant  full  attention  to  this  part  of  the 
cancer  problem,  for  not  only  is  there  complete  uncertainty  of  the  efficacy 
of  cancer  treatment  today,  but  there  is  also  the  possibility  that  survival 
tendency  is  less  with  treatment.  It  is  most  likely  that,  in  terms  of  life 
expectancy,  the  chance  of  survival  is  no  better  with  than  without  treat¬ 
ment,  and  there  is  the  possibility  that  treatment  may  make  the  survival 
time  of  cancer  cases  less. 

In  this  entire  survey  of  death  rate  of  cancer  groups  with  or  without 
treatment,  the  criterion  of  death  rate  is  the  only  one  that  has  been  used. 
Nothing  written  here  has  concerned  the  place  of  devices  of  cancer 
therapy  in  relief  of  pain  and  the  removal  of  mechanical  hindrances. 
Furthermore,  it  is  quite  obvious  that  cancer  growths  are  frequently  ob¬ 
structive  and  that,  unless  the  tissue  mass  is  reduced,  life  itself  may 
terminate  abruptly.  Such  circumstances  cannot  be  evaluated  in  cancer 
statistics  of  survival  taken  in  a  broad  sense. 

In  the  first  section  of  this  paper,  an  argument  was  presented  for  a 
relativistic  basis  of  disease  aging  and  internal  disease.  Cancer  tendency 
is  shown  to  be  associated  with  prior  disease  experience  in  the  population 
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of  the  world.  It  is  also  associated  with  a  criterion  of  healthfulness  in 
that  poor  health  marked  by  high  death  rate  from  general  causes  is  as¬ 
sociated  with  high  cancer  rate.  The  sum  of  factors  that  have  made  for 
tendency  of  disease  expressions  of  ail  kinds  has  been  dropping  steadily 
throughout  the  past  century,  and,  associated  with  a  decline  of  disease  in 
general,  age-specific  incidence  of  general  cancer  appears  to  be  on  the 
decline  by  age-specific  comparisons  of  individuals.  The  populations 
within  a  country  that  die  of  cancer  appear  to  have  a  more  characteristic 
distribution  of  ages  than  do  the  populations  from  which  they  are  derived. 
This  suggests  that  rather  characteristic  circumstances  lead  to  cancer 
tendency  and  that  cancer  is  perhaps  not  an  average  disease  for  the  whole 
population.  There  is  hope  that  identification  of  carcinogenic  factors 
might  lead  to  an  eradication  of  cancer  on  a  prophylactic  basis.  Decrease 
in  age-specific  death  rate  for  the  internal  diseases  and  for  cancer  is 
occurring  at  such  a  marked  rate  that  the  future  incidence  of  cancer  may 
be  surprisingly  low  when  children  who  are  growing  up  today  become 
adults  in  the  next  decade.  The  strong  association  between  childhood 
death  rate  as  a  measure  of  disease  experience  and  adult  death  rate  pre¬ 
dicts  that  cancer  will  continue  to  diminish  over  the  next  several  genera¬ 
tions  since  childhood  disease  rates  have  dropped  to  very  encouraging 
low  levels.  This  may  be  a  measure  of  improved  general  health,  and  the  | 
childhood  disease  experience  can  be  expected  to  diminish  further.  t 
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1 

STATISTICAL  INTERPRETATION  OF  FATIGUE  LIFE**  ' 

AND  FATIGUE  STRENGTHS 

By  Emil  J.  Gumbel 

Department  of  Industrial  Engineering,  Columbia  University,  New  York,  N.Y, 

Fatigue  life  and  fatigue  strengths  are  two  aspects  of  the  same  question, 
which  belongs  to  the  domain  of  engineering  statistics,  a  recent  develop¬ 
ment  of  mathematical  statistics.  Researches  thus  far  have  followed  the 
path  of  studies  on  the  Chinese  population.  Data  have  come  either  from 
statisticians  who  know  everything  about  statistics  and  nothing  about 
China,  or  from  orientalists  who  know  everything  about  China  and  nothing 
about  statistics.  In  the  same  way,  most  studies  on  fatigue  are  made  by 
competent  engineers  ignorant  of  statistics  or  by  competent  statisticians  i 
ignorant  of  engineering  procedures.  Therefore,  we  have  to  avoid  two  traps. 

In  the  static  testing  of  breaking  strengths,  which  is  as  old  as  the  hills,  ( 
a  fixed  load  is  attached  to  a  body  and  results,  or  does  not  result,  in  frac-  ; 
ture.  In  the  latter  case,  the  load  is  increased  until  fracture  results.  Repe-  j 
tition  of  the  experiment  under  allegedly  identical  conditions  leads  to  [ 
various  loads  at  fracture.  The  analysis  of  this  experiment  is  first  of  all  a  j 
physical  problem  of  elastic  deformations  that  is  solved  in  the  main.  , 
Statistics  play  only  a  subordinate  role. 

In  the  dynamic  case,  the  load  is  repeatedly  applied  to  the  body  during  a 
certain  number  of  cycles  N,  leading  to  alternating  bendings,  torsions,  or 
compressions,  or  their  combinations.  The  result  is  plastic  deformation  and 
fracture  at  a  load  considerably  lower  than  the  static  load.  This  behavior 
is  called  fatigue.  It  was  first  observed  when  serious  accidents  occurred 
soon  after  railroads  were  introduced.  The  axles  broke  under  much  smaller 
loads  than  was  expected.  A  Royal  British  Commission  was  established  in 
1854  to  deal  with  this  problem,  and  it  gave  a  learned  report  stating  its 
ignorance.  The  year  1954  brought  catastrophe  to  the  airplane  Comet. 
Another  Royal  British  Commission  investigated  the  reasons.  It  is  pathetic 
to  compare  the  two  reports,  which  blamed  the  accidents  partly  on  an  un-  |’ 
clear  phenomenon  called  fatigue.  As  Goethe  said;  “Wo  die  Begriffe  fehlen  ■  \ 
stellt  das  Wort  zur  rechten  Zeit  sich  ein.  “  Words  replace  knowledge.  The 
deplorable  fact  that  not  much  progress  has  been  made  in  one  hundred 
years  is  due  to  the  circumstance  that  the  analysis  of  fatigue  was  based 
mainly  on  physical  and  engineering  methods,  while  the  enormous  variation  1 

*The  Section  of  Psychology  held  a  meeting  on  January  16,  1956,  at  which  a  paper  [ 

entitled  Electric  Currents  of  the  Brain  was  presented  by  Wolfgang  Kohler.  This  paper  will  [ 

not  be  published  by  the  Academy.  1 

*^Thi8  paper*  illustrated  with  lantern  slides*  was  presented  at  a  meeting  of  the  Section  I 

on  January  20*  1956.  The  work  it  describes  was  supported  in  part  by  the  Office  of  Ordnance  ! 

Research*  Department  of  the  Army.  | 
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of  the  numbers  of  cycles  at  fracture,  which  extends  to  several  powers  of 
10,  clearly  proves  that  statistical  methods  based  on  physical  concepts 
are  appropriate. 

The  load  per  unit  of  surface  S  is  henceforth  called  the  stress.  It  is 
measured  in  kilograms  per  square  millimeter,  or,  in  the  Babylonian  system 
usual  in  the  United  States,  in  1000  pounds  (kip)  per  square  inch.  The 
stresses  at  fracture  for  constant  numbers  ot  cycles  N  are  called  fatigue 
strengths,  while  the  number  of  cycles  at  fracture  N  (usually  measured  in 
thousands)  for  constant  stress  is  called  fatigue  life.  Both  are  statistical 
variates. 

The  Three  Representations  of  Fatigue 

Since  the  number  of  revolutions  per  minute  is  constant,  the  number  of 
cycles  at  fracture  measures  a  time  and  may  be  considered  as  the  age  at 
death.  This  analogy  turns  out  to  be  very  fruitful  and  leads  to  three  repre¬ 
sentations  of  fatigue. 

(1)  The  probability  of  survival  for  a  certain  number  N  is  defined  as  the 
probability  that  the  age  at  death  is  equal  to  or  larger  than  this  number. 
We  first  assume  that  there  are  no  “immortals,”  f.e.,  that  all  pieces  tested 
break  after  a  finite  number  of  cycles.  The  probability  of  survival  f^(N) 
for  constant  stress  as  a  function  of  N  diminishes  with  increasing  N  and, 
since  these  numbers  are  very  large,  we  may  consider  N  as  a  continuous 
variate.  Let  n  be  the  number  of  pieces  tested,  and  let  Nf  (1=1,  2...n)  be 
the  observed  numbers  of  cycles  at  fracture  ordered  in  increasing  magni¬ 
tude.  Then  this  probability  may  be  estimated  from  the  frequency  of  sur¬ 
vival  ^ 

//^)=  l-iy(n  +  l)  (1) 

which  is  largest  for  the  smallest  number  of  cycles  at  fracture  N  ^  but  differs 
from  unity,  and  is  smallest  but  does  not  vanish  for  the  largest  number  N 

Physical  conditions  lead  to  a  second  property  of  the  probability  of  sur¬ 
vival:  if  we  increase  the  stress,  the  probability  of  survival  for  a  fixed 
number  of  cycles  diminishes.  In  a  graphic  representation  of  lg(N)  as  a 
function  of  N,  the  survivorship  functions  for  increasing  stresses  are 
curves  shifted  to  the  left.  Two  curves  corresponding  to  different  stresses 
can  never  intersect.  If  it  is  possible  to  choose  such  coordinated  for  lg(N) 
and  N  that  the  survivorship  functions  are  linearized,  then  the  theoretical 
curves  corresponding  to  different  stresses  become  parallel  straight  lines. 

Consider  now  the  observations.  They  are  never  exact,  and,  in  addition, 
we  see  them  as  we  are.  The  specimens,  the  testing  procedures,  and  dif¬ 
ferent  machines  used  in  the  same  experimentation  are  never  fully  homo¬ 
geneous.  The  automatic  recording  of  the  numbers  of  cycles  at  fracture 
may  not  be  sufficiently  accurate.  The  stresses  used  may  not  be  suffi¬ 
ciently  separated.  For  these  well-known  reasons,  the  observed  number  of 
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cycles  at  fracture  show  irregularities.  It  turned  out  to  be  a  good  working 
postulate  not  to  analyze  any  series  of  observations  that  violates  one  of 
the  two  theoretical  properties.  In  such  a  case,  the  unavoidable  errors  of 
random  sampling  are  considered  to  be  excessively  large. 

To  characterize  a  survivorship  function,  it  is  expedient  to  choose  that 

number  of  cycles  at  failure  where  the  probability  of  survival  is  l/e= 

0.36788.  These  numbers,  which  decrease  with  increasing  stresses,  are 

henceforth  called  characteristic  and  are  designated  by  7^.  There  may 

exist  a  series  of  numbers  N.  _  such  that  the  probability  of  survival  under 
iff  s 

the  given  stress  for  these  or  any  smaller  numbers  is  unity.  These  numbers, 
before  which  no  fracture  can  occur,  are  called  the  minimum  lives.  They 
also  decrease  with  increasing  stress. 

(2)  In  the  same  way,  we  may  think  of  a  probability  of  survival  Ij^(S)  in 
terms  of  stress  for  a  constant  number  of  cycles  N.  Let  pieces  be  sub¬ 
mitted  to  a  fixed  stress  during  a  fixed  number  of  cycles.  Then  some  of 
them,  n^,  fracture,  and  the  rest,  n^-rj^  survive.  Therefore,  we  may  at¬ 
tribute  to  S  a  probability  of  survival  for  a  constant  number  of  cycles.  We 
repeat  the  procedure  for  the  same  number  of  cycles  under  a  higher  stress. 
Then  the  probability  must  decrease.  If,  finally,  we  vary  the  number  of 
cycles,  we  obtain  a  series  of  survivorship  functions  in  terms  of  stress. 
In  the  graphic  picture,  the  survivorship  functions  move  to  the  left  for 
increasing  numbers  of  cycles,  and  no  such  curves  can  ever  intersect.  If 
it  is  possible  to  linearize  the  relationship,  the  tpi(S)  curves  become 
parallel  straight  lines.  The  probabilities  ip/(S)  may  be  estimated  from  the 
frequencies 

'l„(S^)=  I-  -  n^y(n^  +  1)  (2) 


a  formula  constructed  in  analogy  to  equation  1.  Again,  it  is  a  good 

working  hypothesis  to  analyze  only  such  series  where  the  frequencies  of 

survival  never  intersect  and  move  to  the  left  for  increasing  numbers  of 

cycles.  Such  a  series  may  be  characterized  by  the  characteristic  stress 

Sy  where  the  probability  of  survival  is  equal  to  1/e.  The  function  S^,  is 

by  definition  the  inverse  to  the  function  previously  introduced  and 

diminishes  with  increasing  N.  If  the  minimum  lives  do  not  vanish, 

there  exists  an  inverse  function  S  „  called  the  endurances,  which  are 

0,ly 

certain  low  stresses.  With  increasing  numbers  of  cycles,  the  endurances 
diminish,  and  there  may  exist  a  limiting  value 

Urn  c  c  (3) 

/V  =  oo 

valid  for  an  infinity  of  cycles.  This  stress  is  called  the  true  endurance 
limit.  It  is  the  most  important  characteristic  for  which  we  are  looking  in 
fatigue  experiments.  A  construction  is  safe  if  all  stresses  used  for  a 
given  number  of  cycles  are  below  the  endurances.  An  ideal  situation 
would  be  reached  if  they  remained  below  the  endurance  limit,  since  the 
structure  would  then  be  safe  for  an  indefinite  number  of  cycles. 
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We  can  also  derive  this  notion  from  another  angle.  Since  the  probabili¬ 
ties  of  survival  as  functions  of  the  stress  move  to  the  left  with  increas¬ 
ing  numbers  of  cycles,  there  may  exist  a  limiting  survivorship  function 
valid  for  an  indefinite  number  of  cycles.  This  function  is  called  the 
probability  of  permanent  survival.  If  we  accept  this  notion,  we  have  to 
admit  the  existence  of  “immortals,"  specimens  that  survive  an  indefinite 
number  of  cycles  under  a  given  stress.  Their  proportion  increases  with 
decreasing  stress,  and  the  endurance  limit  is  the  stress  where  the 
probability  of  permanent  survival  reaches  unity. 

(3)  A  third  representation  is  widely  used  by  engineers.  In  it  we  keep 
the  probability  1  constant  and  plot  the  corresponding  values  of  S  against 
N.  Thus,  a  series  of  (S,  N)t  curves  is  obtained  which  are  shifted  to  the 
left  with  increasing  probabilities.  One  of  these  curves  consists  of  the 
characteristic  stresses  as  a  function  of  N.  It  gives  at  the  same  time 
the  characteristic  number  of  cycles  as  a  function  of  the  stress.  Below 
it,  there  will  be  the  curve  corresponding  to  the  minimum  life  as  a  function 
of  S,  which  is  equal  to  the  curve  of  the  endurance  as  a  function  of  N. 
This  delineates  the  domain  of  certain  survival.  No  fracture  can  occur  for 
any  values  of  S  and  N  below  this  curve.  Above  the  characteristic  curve 
there  will  be  a  curve  corresponding  to  very  small  probabilities  of  sur¬ 
vival.  It  delineates  the  domain  of  certain  failure.  For  the  reasons  given 
above,  no  two  such  curves  can  ever  intersect  and,  if  it  is  possible  to 
linearize  the  two  survivorship  functions,  all  (S,N)j  curves  become 
parallel  straight  lines  shifted  to  the  left  for  increasing  probabilities  of 
survival.  The  (S,N)^  curves  can  be  constructed  from  the  single  survivor¬ 
ship  function  lg(N),  and  the  other  survivorship  function  l^^fS)  can  be 
derived  from  the  fS, /VJ,  curves  by  choosing  the  stresses  and  the  corre¬ 
sponding  probabilities  for  constant  values  of  N.  Unfortunately,  engineers 
use  a  different  procedure  and  plot  mean  values  for  N  as  a  function  of  S. 
Since  the  mean  values  may  correspond  to  different  probabilities,  no  valid 
conclusion  can  be  reached  from  this  method.  In  particular,  the  disconti¬ 
nuity  of  the  curves  that  engineers  claim  for  large  values  of  N  is  mainly 
due  to  the  small  number  of  observations  which  they  use. 

The  three  representations  are  linked.  No  theory  for  one  function  is 
admissible  that  is  not  compatible  with  the  two  other  functions.  The  con¬ 
clusions  reached  up  to  now  are  not  linl^d  to  any  specific  statistical 
theory,  since  they  are  based  only  on  the  notion  of  survivorship  function 
and  are  distribution  free.  We  have  now  to  implement  our  theoretical 
considerations  by  the  use  of  a  specific  distribution  theory  for  the  analysis 
of  the  existing  observations. 

Analysis  of  Fatigue 

The  attempt  has  often  been  made  to  analyze  life  tests  by  the  use  of 
the  exponential  theory.  However,  this  survivorship  function  is  the  only 
one  where  the  expectation  of  future  life  is  independent  of  the  age.  Its 


T 


338  TRANSACTIONS 

\ 

I 

use  thus  denies  the  aging,  i.e.,  the  factor  that  we  want  to  analyze.  This  | 
assumption  is  valid  within  the  atomic  world,  where  the  distribution  is  ■ 
fundamental  for  the  analysis  of  radioactive  decay,  but  it  has  little  place  ^ 
in  life  testing.  ; 

Other  researches  starting  from  the  normal  probability  are  based  on  the 
naive  but  widespread  belief  that  this  distribution  is  the  only  valid  one. 
Another  form  of  this  imperialistic  theory  states  that  whatever  is  not 
normal  can  be  made  normal  by  a  logarithmic  transformation.  It  is  certainly  ^ 
reasonable  to  use  the  logarithms  of  the  numbers  of  cycles  instead  of  the  j 
numbers  themselves,  since  this  transformation  reduces  the  spread.  How-  ) 
ever,  the  logarithmic  normal  distribution  implies  that  the  probability  of 
survival  converges  towards  zero  for  increasing  numbers  of  cycles  in  the  j 
same  way  as  it  converges  towards  unity  for  decreasing  numbers  of  cycles  ^ 
—  a  symmetry  that  is  not  confirmed  by  any  experiment.  Other  studies 
start  from  a  normal  distribution  of  the  stresses  and  thus  contradict  the 
proverbial  statement  of  the  straw  that  broke  the  camel's  back:  a  small  > 
increase  of  the  load  may  cause  total  destruction,  while  a  small  decrease 
will  not  lead  to  beneficial  effects.  Finally,  the  two  theories,  namely,  | 

the  logarithmic  normal  distribution  of  the  number  of  cycles  and  the  | 

normal  distribution  of  the  stresses,  deny  the  very  existence  of  the  funda-  I 
mental  notions  of  minimum  lives,  endurances,  and  the  endurance  limit,  ' 
which  must  be  implied  in  any  statistical  theory.  I 

The  following  reasonings  lead  to  the  asymptotic  theory  of  smallest  I 
values  as  an  adequate  representation.  Each  piece  of  metal  contains  im- 
purities,  flaws  that  weaken  the  body,  and  the  largest  flaw  will  correspond 
to  the  smallest  strength  or  the  smallest  number  of  cycles  where  the 
specimen  will  break.  Therefore,  the  distribution  of  the  strengths  is  a 
distribution  of  smallest  values  and,  since  the  number  of  cycles  is  very 
large,  we  have  to  use  the  asymptotic  form  of  this  distribution.  Another 
argument  is  based  on  the  weakest-link  concept— no  chain  is  stronger  than 
its  weakest  link.  If  we  assume  that  the  body  is  kept  together  by  certain 
bonds,  then  the  strength  of  the  total  body  as  measured  by  the  number  of 
cycles  is  equal  to  the  strength  at  the  weakest  link.  Therefore,  we  should 
expect  the  same  distribution  of  the  number  of  cycles  to  hold  for  a  part 
as  for  the  total,  for  a  smaller  and  for  a  larger  specimen,  and  the  systematic 
decrease  of  the  strength  of  the  body  with  increasing  size  (the  size  effect)  i 

should  be  taken  care  of  by  a  systematic  change  in  the  parameters  of  the  ' 

distribution.  This  stability  holds  for  the  asymptotic  distribution  of 
smallest  values.  Other  physical  considerations  that  lead  to  the  choice 
of  this  distribution  for  the  statistical  variations  of  N  and  S  given  by  } 
Freudenthal  and  Gumbel^*^'®  need  not  be  repeated  here.  ^ 

The  analysis  proceeds  in  several  steps.  We  first  assume  that  all  | 
minimum  lives  vanish.  Then  the  probability  of  survival  as  a  function  of  j 
N  for  constant  S  is  given  by 

lJN)  =  exp  [-(N/V^f] 


(4) 
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If  we  introduce  a  reduced  variate 

y  =  -Ig  l-Ig  l^CN)]  (5) 

then  the  survivorship  functions  are  linearized  in  the  form 

IgN  =  IgV^+y/a  (6) 

where  a,  the  slope  of  the  lines,  is  independent  of  the  stress.  A  table  of 
y  as  a  function  of  the  probability  of  survival  has  been  published  by  the 
United  States  National  Bureau  of  Standards.^  If  we  plot  the  reduced  vari¬ 
ate  on  the  ordinate  and  the  number  of  cycles  on  the  abscissa  in  Ic^arith- 
mic  scales  and  write  the  probability  scale  on  the  left  side,  we  should 
obtain  a  series  of  parallel  straight  lines.  In  this  case,  the  fS,  N)^  diagram 
also  consists  of  parallel  straight  lines  if,  as  usual,  a  double  logarithmic 
scale  is  used. 

In  the  next  step,  we  drop  the  assumption  ^=0  and  use  N-N ^  ^  in¬ 
stead  of  N  as  variate.  This  is  reasonable,  since  a  linear  function  of  a 
smallest  value  is  still  a  smallest  value.  Thus,  we  obtain  a  series  of 
curves  that  converge  for  small  values  of  N  to  parallels  to  the  ordinate. 
Within  the  linear  theory  there  exist  only  two  parameters,  and  a,  which 
have  to  be  estimated  from  the  observations.  In  the  general  theory,  there 
are  three  parameters— the  characteristic  life  the  minimum  life  g, 
which  both  should  decrease  with  increasing  stresses,  and  the  scale 
function  a^.  The  same  two  steps  are  then  used  for  the  analysis  of  the 
probability  of  survival  Jj^(S)  as  a  function  of  S.  Thus,  N  is  replaced  in 
EQUATION  4  by  S,  the  characteristic  number  is  replaced  by  the  charac¬ 
teristic  stress  S^,  and  we  obtain  a  straight  line  which  corresponds  to 
EQUATION  6,  provided  that  the  endurances  vanish.  In  the  next  step, 
this  assumption  is  dropped  and  S-S^  ^  is  used  as  variate  instead  of  S. 
This  procedure  was  used  first  by  W.  Weibull*^  on  a  purely  empirical  basis. 
The  method  may  also  be  applied  to  the  probability  of  permanent  survival, 
and  thus  leads  to  the  estimation  of  the  endurance  limit,  provided  a  suffi¬ 
cient  number  of  observations  is  available.  Thus,  the  two  steps  for  the 
two  survivorship  functions  are  linked.  If  the  special  linear  theory  holds 
for  the  one  it  must  also  hold  for  the  other,  within  the  limitations  imposed 
by  the  choice  of  the  stresses.  If  the  minimum  lives  do  not  vanish,  we 
have  to  use  three  parameters  for  the  probability  of  survival  as  a  function 
of  the  stress.  In  this  case,  the  logarithms  of  the  stresses  traced  in  the 
(S,N)j  diagram  can  no  longer  be  linear  functions  of  the  logarithm  of  the 
number  of  cycles  at  fracture,  but  the  theory  does  not  lead  to  any  dis¬ 
continuity  of  these  curves.  We  shall  spare  the  reader  from  an  explanation 
d  the  statistical  difficulties  arising  from  the  estimation  of  the  parameters, 
which  is  explained  in  previous  publications.  ^ 

Observations 

The  methods  previously  explained  will  now  be  used  for  the  analysis  of 
the  few  observations  available.  Fatigue  tests  are  made  day  after  day,  but 
only  a  few  of  them  are  made  under  statistical  control.  Very  seldom  has 
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so  little  been  achieved  by  so  much  effort,  figure  1  shows  the  observa-  I 
tions  made  by  Ravilly’  for  20  specimens  of  nickel  tested  for  10  stress  ! 
levels  (measured  in  kg.  mm.*^).  On  the  abscissa,  the  number  of  cycles  at  I 
fracture  are  traced  in  logarithmic  scale.  The  ordinate  shows  the  reduced  [ 
variate  y  in  linear  scale  and  the  probabilities  of  survival  i^(N)  obtained  ! 
from  EQUATION  5  with  the  help  of  the  Bureau  of  Standards  table.®  The 
logarithmic  extremal  probability  paper  used  in  this  and  the  following 
graphs  is  based  on  the  asymptotic  thecvy  of  smallest  values,  just  as  the  ! 
use  of  normal  probability  paper  is  based  on  the  normal  distribution.  The  j 
plotting  positions  of  the  observed  number  of  cycles  at  fracture  are  given 
by  EQUATION  1.  For  the  large  stresses,  the  observed  survivorship 
functions  shown  as  heavy  curves  are  well  reproduced  by  the  theoretical 
straight  lines,  which  are  approximately  parallel.  However,  for  the  small 
stresses,  the  curves  cease  to  be  linear  and  seem  to  converge  for  small  j 
numbers  of  cycles  to  a  parallel  to  the  ordinate,  indicating  the  existence  i 
of  minimum  lives.  The  corresponding  theoretical  curves  also  give  an 
excellent  fit.  Between  the  large  stresses,  where  the  minimum  lives 
vanish,  and  the  small  stresses  where  the  minimum  lives  differ  from  zero, 
there  is  a  transition  domain  where  we  cannot  decide  whether  the  minimum 
lives  vanish  or  not.  In  reality  they  may  exist  even  for  the  large  stresses, 
but  the  paucity  of  observations  does  not  allow  their  estimation.  i 

Figure  2  shows  the  survivorship  function  for  the  small  stresses  ap¬ 
plied  to  aluminum.  With  increasing  stress,  the  minimum  lives  decrease, 
and  the  curves  become  more  linear.  The  next  two  graphs,  figures  3  and 
4,  show  observations  on  steel  made  by  A.  M.  Freudenthal  at  Columbia  Uni¬ 
versity.  The  intersection  of  two  curves  is  no  contradiction  to  the  theory, 
since  the  observations  marked  by  a  star  were  based  on  different  heat 
treatments.  From  the  good  fit  of  the  theory  in  figures  1  to  4  and  the 
good  agreement  reached  for  other  observations  in  previous  publica¬ 
tions,®’^'®  it  follows  that,  under  the  given  conditions,  the  asymptotic 
theory  of  smallest  values  gives  a  satisfactory  explanation  for  fatigue 
life.  W.  Weibull*®  has  obtained  similar  good  results  for  fatigue  strengths. 

The  theory  is  now  applied  to  survivorship  as  a  function  of  the  stress  | 
for  large  numbers  of  cycles  where  the  experiment  is  stopped  after  10^  or 
10®  cycles.  If  a  sufficient  number  of  well-separated  stresses  is  used  in 
the  testing,  we  obtain  frequencies  of  permanent  survival,  a  survivorship 
function  in  terms  of  stress  to  be  analyzed  by  the  procedures  outlined 
abcve.  However,  most  of  the  experiments  use  only  three  or  four  stress 
levels,  and  where  more  stress  levels  are  used  it  often  happens  that  the 
frequencies  move  in  the  wrong  direction,  which  proves  that  the  stress 
levels  are  not  sufficiently  separated  or  that  the  number  of  specimens  | 
taken  is  too  small.  / 

I  greatly  admire  the  courage  of  engineers  who  give  numerical  values  | 
of  the  endurance  limits  on  the  basis  of  such  scanty  observations,  but 


Figure  2.  Fatigue  tests  of  aluminum  wire. 

strongly  doubt  that  their  affirmations  can  withstand  any  statistical  test. 
Some  authors  instead  estimate  the  median  fatigue  stress,  where  one  half 
of  the  specimens  fail  and  the  other  half  survive,  although  no  construction 
can  be  based  on  this  knowledge. 

Fig  UR  E  5  shows  the  frequencies  of  permanent  survival  observed  by 
Epremian  and  Mehl^  for  steel  SAE  1050.  Six  stress  levels  were  used  in 
this  experiment.  Since  the  frequency  of  survival  for  S=41.5,  1000  p.s.i., 
was  slightly  larger  than  for  the  smaller  stress  S=41,  the  frequencies  of 
survival  for  the  two  stress  levels  were  combined  into  a  single  one. 

If  the  frequencies  plotted  on  extremal  logarithmic  probability  paper  lie 
on  a  straight  line,  the  hypothesis  that  the  endurance  limit  vanishes  may 
be  accepted.  If  not,  a  positive  endurance  limit  will  exist,  figure  6 
clearly  indicates  that  the  asymptotic  theory  of  smallest  values  gives  a 
good  fit.  However,  it  does  not  indicate  whether  the  linear  or  the  three- 
parameter  curve  gives  a  better  fit.  Estimation  of  the  parameters  and  the 
comparison  of  the  sum  of  the  squared  deviations  between  the  two  theories 
and  the  observations  indicate  the  existence  of  an  endurance  limit  = 
35.5,  1000  p.s.i.  This  value  is  subject  to  a  large  error  of  estimation, 
because  it  is  based  on  an  extrapolation  of  the  frequencies  of  permanent 
survival  to  unity,  while  the  largest  frequency  is  only  0.74.  Therefore, 
the  resulting  estimation  of  the  endurance  limit  is  highly  doubtful.  This 
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author  shares  the  distrust  of  all  statisticians  against  conclusions  to  be 
drawn  from  only  five  observations. 

Cazaud’s^  observations  on  toroidal  and  conical  steel  specimens  shown 
in  FIGURE  6  seem  to  indicate  that  the  frequencies  of  permanent  survival 
for  the  toroidal  specimens  are  not  situated  on  a  straight  line.  However, 
this  proves  exactly  nothing,  since  three  observations  can  always  be 
fitted  by  a  curve  with  three  parameters. 

Thus,  we  have  only  reached  a  theory  that  will  lead  to  the  estimation 
of  the  endurance  limit,  provided  a  sufficient  number  of  reliable  observa¬ 
tions  are  available.  At  present,  this  is  not  the  case,  although  elaborate 
fatigue  tests  for  other  purposes  are  going  on  day  after  day,  the  engineers 
preferring  to  waste  time,  material,  and  funds,  although  the  price  of  one 
single  major  catastrophe  exceeds  by  far  the  costs  of  a  systematic  experi¬ 
mentation. 
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SECTION  OF  ANTHROPOLOGY 

SOME  QUESTIONS  OF  CLASSIFICATION,  TYPOLOGY, 
AND  STYLE  RAISED  BY  IROQUOIS  MASKS* 

By  William  N.  Fenton 

New  York  State  Museum  and  Science  Service,  Albany,  N.  Y. 


Part  1 


Classifications  based  on  form  alone  have  been  widely  used  in  studies 
in  art  and  archeology,  in  natural  history  research,  ana  in  the  arrangement 
of  museum  collections  and  exhibits.  Of  necessity,  form  and  structure 
were  frequently  the  only  available  criteria  when  objects  were  removed 
from  their  natural  settings.  Such  was  the  case  with  Iroquois  Indian  masks 
when  placed  in  cabinets  of  antiquities  alongside  of  mosaics  of  arrow¬ 
heads  stitched  to  cards  by  amateur  collectors  during  the  nineteenth 
century.  My  grandfather  had  such  a  collection.  The  pair  of  Seneca  False- 
faces,  which  Amos  Snow  had  entrusted  to  him  after  the  Civil  War,  and 
which  he  mysteriously  borrowed  on  occasion,  were  equally  bereft  of  their 

ritual  and  mythological  setting,  as  were  the  arrowheads  detached  from 

13  14 

their  shafts  that  turned  up  every  spring  after  the  plow.  By  1852,  Morgaa  ’ 
in  his  report  to  the  Board  of  Regents,  had  described  a  mask  from  Grand 
River,  Canada,  the  type  specimen  in  the  New  York  Indian  Collection,  and 
he  had  published  an  account  of  the  Society  of  Faces;  but  toward  the  end 
of  the  century,  mask  collections  accumulated  rapidly  without  much  ac¬ 
curate  documentation.  Elsewhere  I  have  evaluated  collections  and  the 
literature  on  the  subject,  which  was  not  widely  known  until  Parker 
commenced  field  work  on  the  medicine  societies  of  the  Seneca  in  1905. 
Mistrusting  accession  records,  curators  either  invented  a  lore  as  to  the 
supposed  function  of  the  masks  or  developed  a  classification  based  on 
form  alone.  It  is  small  wonder  that  fanciful  functions  for  the  masks  and 
the  classification  that  grew  up  in  museums  bear  little  resemblance  to  the 
lore  of  the  False-faces  among  the  Iroquois  who  still  use  them. 

Now  consider  that,  among  their  public  functions,  museums  are  sup¬ 
posed  to  preserve  the  cultural  heritage.  In  this  case,  however,  nothing 
but  the  masks  would  be  left  to  us  had  not  the  ritual  and  folklore  of  the 
False-faces  survived,  with  much  of  the  ceremonial  culture,  into  the  mid¬ 
twentieth  century,  which  enabled  me  to  link  up  my  observations  and 
field  recordings  with  those  of  Goldenweiser  and  Parker  after  1900  and 
with  Beauchamp  just  before  that,  and  to  connect  their  observations  with 
Morgan’s  a  century  ago.  Ethnological  museums,  without  adequate  field 
work  and  publication  on  the  living  sources,  can  leave  the  next  generation 
no  wiser  than  the  archeologist  who  comes  long  afterward  to  analyze  the 


*This  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Section 
held  on  January  23,  1956. 
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remains  of  a  material  culture.  Given  a  collection  of  objects  from  known 
sites  but  no  supporting  information,  the  archeologist  has  developed 
methods  of  analyzing  and  classifying  the  material,  which  enables  him  to 
infer  formal,  functional,  and  historical  relationships  among  the  data. 
Seldom,  however,  is  he  privileged  to  test  these  inferences  in  the  labora¬ 
tory  of  a  living  culture.  I  suggest,  therefore,  that  the  large  collections 
of  Iroquois  masks  provide  such  an  opportunity. 

The  present  paper  is  an  inquiry  into  the  validity  of  a  classification 
and  typology  that  I  proposed  in  1940.^  It  was  based  on  a  study  of  several 
hundred  ma^ks  in  museum  collections  combined  with  observation  of  the 
masked  ceremonies,  demonstrations  of  carving  technique  witnessed  in 
three  communities,  recorded  myth  and  music,  and  individual  accounts  of 
participation  during  the  most  intensive  period  of  my  field  work.®  From 
boyhood,  the  topic  has  never  lost  its  fascination.  In  a  series  of  parallel 
but  independent  studies,  the  late  Doctor  Frank  G.  Speck  accepted  my 
classification  and  typology  and  extended  it  but  slightly,  suggesting  five 
variant  Husk-face  types  for  the  Canadian  Cayuga.*®*'®'^*  The  classifica¬ 
tion  has  never  been  seriously  questioned. 

Afterward,  while  continuing  Hewitt’s  work  at  Grand  River  on  the  be¬ 
ginnings  of  the  League,  I  translated  texts  relating  to  supernaturals  that 
are  portrayed  in  a  series  of  masks  that  Hewitt  had  collected  for  the 
Smithsonian  Institution  in  1919,  deepening  an  appreciation  of  existing 
mask  types  without  discovering  any  new  ones.  I  am  grateful  on  this 
occasion  that  Doctor  Harold  Conklin’s  invitation  to  address  the  Academy 
required  me  to  review  three  boxes  of  typescript  notes  and  photographs 
for  a  book  still  unwritten.  It  was  appropriate,  on  the  week  of  Mid-winter 
Festival,  to  think  more  deeply  on  this  subject  than  I  have  in  years,  when 
the  photographer,  the  Curator  of  Archeology,  the  State  Archeolc^ist,  and 
members  of  the  clerical  staff  at  the  New  York  State  Museum  and  Science 
Service  were  preparing  slides  and  classifying  photographs  for  this  paper.* 

With  a  minimum  of  consultation  among  us,  Gillette,  Ritchie,  and  I 
independently  reviewed  and  confirmed  the  12  types  of  wooden  masks  that 
I  found  in  1940.  Though  we  disagreed  on  the  place  of  certain  specimens 
in  the  series,  the  types  held  with  slight  alteration. 

My  original  method  had  been  to  classify  photographs  of  the  wooden 
masks  seen  in  collections,  placing  them  in  a  continuous  series  according 
to  the  most  variable  feature,  the  mouth,  which  ranges  from  upturned 
corners,  as  in  comedy,  to  downturned  comers  in  the  Muse  of  tragedy.  My 
decision  to  use  the  mouth  as  the  criterion  was  influenced  by  the  tendency 
of  the  Iroquois  themselves  to  name  masks  for  this  feature.  The  continuous 
series  of  mouth  variations  embraces  11  categories  with  a  12th  for  novel¬ 
ties.  The  11  mouth  variations  are  reducible  to  7  types,  and  the  last 


•May  the  False-faces  remember  kindly;  Harold  Conklin,  John  Heller,  Charles  and  Gwyn 
Gillette,  Doctor  William  Ritchie,  and  Mary  Stearns. 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


349 


category  segregates  into  4  based  on  other  features;  and  one  type  is 
achieved  by  dividing  the  mask  into  two  colors  vertically.  The  Husk- 
masks  and  miniatures  are  considered  separately.  They  repeat  some 


Figure  l.  Arabic  numerals  appearing  on  the  12-fold  classification  refer  to 
the  author’s  1941  paper,  pp.  408  it.  and  related  plates.' 
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When,  in  a  series  of  several  hundred  masks,  as  many  as  a  hundred  fall 
in  one  class,  it  should  be  possible  to  validate  the  types  statistically. 
Doctor  Ritchie  has  suggested  putting  the  data  on  IBM  punch  cards  to  find 
out  how  the  more  generalized  features  segregate  into  types  and  combine 
into  local  styles.® 

Part  2 

How  old  is  the  Iroquois  masking  complex,  and  how  widespread  was  it 
in  eastern  North  America?  Age  and  areal  considerations  are  classic  pre¬ 
occupations  of  Americanists.  But  the  Five  Nations  of  the  Iroquois  League 
left  such  a  mark  on  colonial  history  that  we  need  not  speculate.  Pro¬ 
ceeding  against  the  tide  of  history  from  the  mask  collections  and  the 
accession  records  in  museums  and  libraries,  just  as  we  found  collections 
without  documentation,  so  we  encounter  documentation  without  specimens 
in  historical  accounts  of  masking;  and,  continuing  into  prehistory,  arche¬ 
ologists  have  reported  blowing  faces  on  pipes,  tiny  masquettes  of  stone, 
shell,  and  bone  from  the  Iroquoian  area,  and  conch-shell  face  images 
occurred  over  a  wide  area  from  Arkansas  to  Ontario.  Tennessee  seems 
to  be  the  center  of  distribution,  in  country  once  occupied  by  the  Cherokee, 
and  the  illustrations  in  published  reports  strikingly  resemble 

Hagon'de's,  “Longnose,”  a  Seneca  trickster,  or  certain  Husk-faces  with 
conventionalized  tears. 

The  earliest  museum  accession  record,  from  the  manuscript  catalog 
of  Du  Simiti^re’s  Philadelphia  museum  (1774-1783),^  speaks  of  “A  visor 
or  mask  of  wood  representing  a  ghastly  human  face,  the  colour  of  an 
Indian  with  a  mouth  painted  red,  the  eyes  of  yellow  copper  with  a  round 
hole  in  the  middle  to  peep  through,  the  forehead  covered  with  a  piece 
of  bear  skin  by  way  of  a  cap.”  The  same  was  found  with  40  others  in  an 
Indian  town  of  Chemung  by  General  Sullivan’s  army,  “...in  his  expedition 
last  summer  [1779]  into  the  country  of  the  Six  Nations.”  The  masks  were 
all  different,  and  there  was  a  bear  skin  suit  to  go  with  them,  “...but  this 
was  destroyed  by  the  Soldiery.”* 

There  are  no  early  Iroquois  masks  in  European  collections  known  to 
me.  Unmistakable  eye-witness  accounts  of  False-faces  worn  by  shamans, 
however,  go  back  to  1743  at  Onondaga;*  of  wooden  masks  found  among 
the  Seneca  in  1687;^^  and  of  wood  and  Husk  maskers  at  Huronia  in 
1637;^^  but  the  typical  motor  behavior  associated  with  the  role  of  shaman, 
which  is  preserved  by  the  False-face  Company  today— in  the  handling  of 
live  coals  and  blowing  hot  ashes,  bursting  into  the  cabin  and  excluding 
visitors  during  the  rites,  the  hunchback  guise  and  crawling  posture, 
stuffing  to  imitate  pregnancy,  and  the  general  hysterical  frenzy  and 
possession  of  both  patient  and  doctor— was  standard  operating  procedure 
of  the  Huron  Oki  first  seen  by  Champlain^  and  Sagard. 


*Covirtesy  of  J.  C.  Ewers, 
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Beauchamp^  felt  obliged  to  derive  the  Seneca  False-face  Company  from 
Huronia,  since  the  Seneca  had  one  Huron  town  after  1648,  before  which 
date  masked  shamanism  was  not  conspicuous  or  reported  from  the  Mo¬ 
hawks  in  eastern  New  York.  But  the  Mohawks  did  have  masks  and  head- 
throws,  and  Oneida  shamans  handled  and  ate  fire  while  exorcising 
spirits  to  the  tune  of  a  turtle  rattle.^*  Doctor  Ritchie,  moreover,  informs 
me  that  representations  of  the  blowing  masked  shaman  are  found  on  terra¬ 
cotta  pipe  bowls  from  prehistoric  Iroquois  sites  in  Onondaga  territory, 
and  faces  on  pipes  as  well  as  antler  masquettes  are  reported  from  the 
Owasco  culture  of  Late  Woodland  period,  which  is  earlier  than  the  earli¬ 
est  Iroquois  occupation  of  New  York. 

Beauchamp,  however,  does  have  a  point.  Unmistakable  accounts  of 
False-face  behavior  in  New  York  multiply  rapidly  after  the  adoption  of 
the  Huron  by  the  Seneca,  but  so  do  opportunities  for  contact  observation. 
The  fact  that  early  missionaries  saw  and  report  none,  and  that  Bruyas 
has  no  word  for  mask  in  his  Mohawk  dictionary  is  not  conclusive.  The 
words  for  mask  and  face  in  all  Iroquoian  dialects  are  identical.  Mohawk 
is  no  exception.  But  the  Seneca  do  have  the  rite  in  the  most  elaborate 
degree,  after  them  the  Cayuga  and  Onondaga,  while  the  Oneida  who  re¬ 
moved  to  Wisconsin  about  1830  know  it  still  less,  having  recently  lost 
their  masks. Buffalo  Creek  and  Cattaraugus  were  the  great  centers  of 
False-face  activity  in  modern  times,  with  outposts  at  Tonawanda  and 
Allegany;  while  at  Onondaga  Valley  and  on  Grand  River,  Canada,  dis¬ 
tinct  traditions  have  been  elaborated.  These  traditions  affect  both  the 
masks  and  the  ritual,  and,  as  might  be  expected,  the  myths.  And  though 
the  masks  themselves  show  little  fundamental  change  from  generation  to 
generation,  the  earlier  masks  are  simpler  and  more  nearly  resemble  the 
human  face.  The  introduction  of  steel  tools  for  woodworking  and  the 
demand  for  masks  among  white  collectors  since  1900  has  speeded  up 
the  process  of  elaboration  and  influenced  the  development  of  new  types. 
Witness  at  Cattaraugus  the  spoon-lipped  Doorkeeper  mask,  the  Buffalo  or 
Devil  mask,  the  massive  lined  technique  at  Grand  River,  and  a  whole 
series  of  caricatures  of  American  folk  figures  from  Punch  through  Charlie 
Chaplin,  Popeye,  Mickey  Mouse,  to  the  Hula  girls  of  South  Pacific. 

There  is  another  consideration.  Speck,  in  his  survey  of  masking  in  the 
East,  concluded  that  the  Iroquois-Delaware  masking  complex  is  of  a 
piece,  with  the  religious  emphasis  on  exorcism  of  disease  among  the 
Iroquois  and  directional  symbolism  among  the  Munsee-Mahican,  who 
stressed  the  social  function  of  the  masking  complex  in  the  Big  House 
ceremony.  Both  Iroquois  and  especially  Delaware  regarded  the  wooden 
masks  as  forest  spirits  and  associated  them  with  hunting  and  control  of 
game.  The  Husk-faces,  contrariwise,  are  horticultural  spirits,  in  the  role 
of  donners  of  cultivated  plants.  The  Coastal  Algonquians  of  the  Middle 
Atlantic  slope  seem  to  have  developed  and  dispersed  stationary  images, 
while  Iroquoia  is  the  great  center  of  prosopic  masking.^* 
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Part  3 

An  interesting  illustration  of  the  relationship  between  mental  stereo¬ 
types  and  overt  behavior  comes  out  of  the  distinctive  quality  of  localized 
styles  and  how  they  affect  the  carvers’  art.  This  problem  can  be  ap¬ 
proached  in  two  ways:  from  the  specimens,  and  by  observing  carvers  at 
work.  Pictures  of  the  masks,  when  sorted  by  specific  features  and  by 
locality,  begin  to  show  correspondences.  A  ridge  of  spines  above  the 
nose  bridge  appears  on  masks  from  Allegany  and  Cattaraugus,  both 
Seneca  communities,  combined  often  with  bifunnelate  or  spoon  lips,  or 
an  exaggerated  labial  protrusion.  Massive  carving,  large  face,  heavy 
supplementary  wrinkles  emphasizing  distortion  of  the  whole  mouth  and 
face,  as  in  paralysis,  often  with  prominent  chin,  are  characteristic 
features  of  local  style  at  Grand  River.  The  protruding  tongue  belongs 
with  this  style,  but  is  also  found  at  Onondaga.  The  remarkably  Negroid 
appearance  of  certain  Onondaga  masks  first  occurred  to  DeCost  Smith, 
who  reminded  me  that  the  Black  Prince,  one  of  the  great  chiefs  at  the 
mid-eighteenth  century,  was  a  mulatto. 

That  there  has  been  a  consistent  attempt  to  caricature  themselves  and 
the  races  who  came  to  dwell  near  them  there  can  be  no  doubt.  If  we 
divide  the  masks  into  three  great  periods  of  50  years  each,  going  back 
from  now,  the  masks  from  Buffalo  Creek  at  the  turn  of  the  nineteenth 
century  are  the  least  grotesque.  Doctor  William  Ritchie  recently  called 
my  attention  to  the  long,  narrow  facial  types  portrayed,  as  being  pre¬ 
cisely  what  is  also  present  on  skulls  from  Seneca  graves  of  the  late 
Colonial  period;  and  the  degree  of  alveolar  prognathism  shown  on  some 
of  these  early  masks  scarcely  exaggerates  what  I  have  observed  on  sur¬ 
viving  “full  blood”  Seneca  and  Cayuga  physical  types.  The  tradition  of 
portraiture  continues  among  the  Seneca,  while  Onondaga  and  Grand  River 
masks  become  more  massive,  then  finely  lined  in  recent  years,  while  the 
Seneca  carvers  at  Allegany  and  Cattaraugus  conventionalize  the  treat¬ 
ment  of  the  lips  and  brow. 

The  crooked-mouth  masks,  moreover,  are  grotesque  portrayals  of 
specific  disease  somatotypes.  The  correspondence  is  clear  when  it  is 
understood  that  the  wooden  False-face  Society  rite  seeks  to  give  relief 
from  hemorrhages  of  the  nose,  facial  and  body  paralysis,  mouth  drawn  to 
one  side,  dream  persecution  by  visions,  and  annoyance  by  spirits  and 
frights  in  the  bush,^  also  swelling  of  the  face,  toothache,  sore  eyes, 
and  earache.  I  see  now  some  awful  parallels  between  the  crawling,  hip- 
sliding  gait  that  the  maskers  affect  at  their  first  entrance  in  the  ritual, 
the  humped  back,  the  distorted  face,  and  moaning  speech,  and  some 
classic  types  of  paralysis  known  to  clinical  medicine.  And  the  Iroquoian 
literature  contains  cases  of  hysterical  possession  of  persons  who  fell 
into  spasms,  imitated  their  cry,  suffered  momentary  or  permanent  facial 
paralysis,  and  plunged  into  the  fire  with  apparent  immunity.  These 
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catatonic  states  are  reported  most  often  among  women  during  the  height 
of  the  Midwinter  Festival  at  the  approach  of  the  maskers.  The  maskers, 
moreover,  are  men! 

From  the  carvers  I  have  known  and  watched  during  my  lifetime,  I  recall 
Clarence  White,  Jonas  Snow,  Chauncey  Johnny  John,  and  now  Avery 
Jimmerson  at  Allegany;  Kelley  Lay,  James  Crow,  and  T.  Jimmerson  at 
Cattaraugus;  Jess  Cornplanter  (aboriginally  Cattaraugus);  Harrison 
Ground,  Kidd  Smith,  and  Elon  Webster  at  Tonawanda;  and  Tom  Harris  at 
Grand  River.  I  also  have  Goldenweiser’s  notes  from  Gus  Yellow.  Each 
had  an  individual  style  recognizable  to  Iroquois  who  know  their  work, 
and  there  is  a  local  “school  or  art”  exemplified  in  the  best  of  each. 
Jonas  Snow  and  Clarence  White  belonged  to  my  father's  collecting  days 
in  the  1920*s,  and  they  are  noted  for  smoothness  of  line.  Jonas  Snow  was 
a  merry  fellow,  and  so  are  his  masks.  James  Crow  made  so  many  fierce 
faces,  as  did  his  predecessors  of  the  Newtown  School  at  Cattaraugus,  a 
town  also  noted  for  “dirty”  lacrosse,  that  I  have  wondered  if  some  of 
the  meanness,  might  not  stem  from  hatred  of  the  whites  after  the  loss  of 
Buffalo  Creek  reservation.  Tom  Harris  at  Grand  River  worked  rapidly  in 
broad  and  sure  strokes  to  produce  in  a  few  hours  a  classic  crooked  face 
mask  of  the  local  genre. 

Against  the  free  play  of  the  artist’s  imagination  work  the  forces  of 
conservatism  voiced  in  the  cultural  expectancy  of  the  people  in  his  com¬ 
munity.  The  carvers  are  almost  invariably  users  of  masks.  The  masks 
that  appear  in  ceremony  are  the  ones  that  return  in  visions,  and  so,  when 
a  clairvoyant  prescribes  a  mask  for  a  patient,  or  the  carver  asks  the 
patient  what  kind  of  a  mask  he  desires  for  his  initiation  to  the  Society  of 
Faces,  the  client  is  apt  to  describe  one  of  the  stereotypes,  or  even  bring 
a  picture  of  what  he  expects.  This  constitutes  a  commission  and  leaves 
the  artist  little  scope. 

At  Allegany,  however,  one  will  see  Cattaraugus  and  Grand  River  masks 
perform  in  the  masked  ceremonies.  These  have  diffused  by  purchase  when 
Senecas  have  visited  on  the  other  side.  Likewise  in  Canada,  Allegany 
and  Cattaraugus  masks  appear,  but  they  are  no  more  accepted  as  regular 
members  of  the  local  community  of  supernaturals  than  are  the  original 
owners. 

Longer  term  trends  may  be  seen  in  the  proliferation  of  mssk  types. 
Originally,  the  back  was  burned  out  and  the  holes  for  attachment  were 
burned  through  with  hot  wire,  and  no  longer  is  wooocnucK-hide  string 
used  to  attach  the  hair  by  seven  holes.  Some  of  my  friends  have  fine  sets 
of  carving  tools,  hair  is  tacked  on,  and  the  baseball-masx  three-piece 
headband  is  the  model  for  attachment.  For  all  I  know,  with  the  advent  of 
electricity,  power  tools  may  now  be  employed. 

Part  4 

The  connection  between  myth  and  ritual  continues  to  preoccupy  folk- 
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lorists.*®  Which  came  first  is  a  secondary  consideration.  Indeed,  for  most 
of  our  Iroquois  friends,  taking  part  in  the  rites  of  the  False-faces  comes 
before  any  knowledge  of  the  myths.  The  so-called  origin  myths,  which 
prescribe  the  behavior  of  the  maskers  and  the  rationale  for  classifying 
the  supernaturals  who  are  impersonated  by  the  masks,  are  the  intellectual 
property  of  a  few  old  people  who,  by  now,  have  been  through  all  the 
stages  of  participation  and  have  arrived  at  the  exalted  status  of  Keepers 
of  the  Faith.  Boys  first  join  a  band  of  beggars  to  go  from  house  to  house 
and  to  the  longhouse  begging  food  and  tobacco  for  a  feast  during  the  Mid¬ 
winter  Festival,  learning  the  dance  and  contesting  for  prizes  as  older 
men  obligingly  sing  for  them.  They  next  may  join  the  troop  that  goes  from 
house  to  house  in  spring  and  fall  purging  the  settlement  of  disease. 
Either  role  may  suddenly  call  upon  them  to  work  cures  of  blowing  ashes 
on  some  householder  who  feels  the  need.  They  have  now  graduated  to  the 
role  of  Common  Faces,  “the  faces  alone”;  these  crawl  into  houses  and 
blow  hot  ashes  on  the  sick  and  on  any  persons  celebrating  a  renewal  of 
some  former  cure.  But  the  role  of  Doorkeepers,  in  the  rite  of  diyen’si^ 
da’dilias,  “lifting  and  bumping  the  feet,”  is  reserved  for  more  experi¬ 
enced  participants,  two  older  men  of  opposite  moieties,  as  are  the  roles 
of  the  Husk-face  messengers  who  herald  their  coming.  The  two  women 
officers  of  the  society  and  the  two  men  who  conduct  the  ceremony,  lead¬ 
ing  the  band  from  house  to  house  and  into  the  longhouse,  are  mature 
individuals  capable  of  singing  the  marching  song  that  quiets  high  winds, 
offering  prayers  over  burning  tobacco,  making  announcements,  and 
capable  even  of  reciting  the  myths  before  the  public.  It  is  by  participating 
that  the  Seneca  learn. 

There  is  little  formal  indoctrination.  The  people  with  whom  I  lived  and 
worked  at  Cold  Spring,  N.Y.,  Tonawanda,  N.Y.,  and  Grand  River,  Canada, 
were  ritualists  and  consequently  learned  people.  An  ethnologist  seeks 
such  people  as  informants.  The  Jonas  Snows,  the  Redeyes,  the  Johnny 
Johns,  at  Cold  Spring;  Jess  Cornplanter,  Elijah  David,  Lyman  Johnson 
at  Tonawanda;  and  the  Gibsons  at  Grand  River,  who  were  also  Hewitt 
and  Goldenweiser’s  informants,  all  knew  “stories”  about  the  False- 
faces  and  the  “Bushy  Heads,”  the  Husk-faces.  At  home  they  had  heard 
such  tales  of  human  adventure  and  myths.  In  the  main,  they  are  of  two 
types; 

(1)  Human  adventures  of  hunters  who  went  to  the  woods  in  autumn  to 
hunt  for  meat  and,  during  their  encampment,  encountered  spirits  that 
were  “only  faces,”  who  darted  from  tree  to  tree  whistling  and  begging 
for  tobacco,  or  prowled  about  the  fire  places,  and  afterward  appeared  to 
hunters  in  visions  (dreams),  instructing  man  about  their  wants:  tobacco 
and  mush  for  a  feast.  In  return  they  promised  to  convey  curing  power  to 
humans  who  wore  their  likenesses. 

(2)  Epic  myths  of  the  struggle  between  the  Creator  and  Shagodyoweh' 
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gowa’ hadja’^dotha’,  “our  great  defender,  the  doctor,”  of  the  Seneca,  or 
hadu'’i ’go ‘nah,  “the  great  humpbacked  one,”  of  the  Onondaga  and 
Cayuga.  This  figure  abides  on  the  rim  of  the  earth  and  travels  the  earth 
from  east  to  west  following  the  path  of  ^he  sun.  Of  great  stature,  he 
carries  a  staff  made  of  a  tall  pine  or  shagbark  hickory  tree  with  its  limbs 
lopped  off  to  the  top,  and  he  walks  with  great  bumping  strides  (like  the 
dancers),  shaking  the  earth.  At  noon  he  stops  to  rest  and  rubs  the  huge 
turtle  rattle  which  he  carries  on  the  giant  elm  or  pine  that  Senecas  con¬ 
ceive  as  standing  at  the  center  of  the  earth  and  from  which  he  derives 
his  strength.  From  this  incident,  Tonawanda  Senecas  rationalize  that  his 
face  is  red  in  the  morning  as  he  comes  from  the  east,  but  black  in  the 
afternoon  if  he  looks  back  or  returns  from  the  direction  of  the  setting  sun, 
but  the  Allegany  and  Cattaraugus  people  have  little  sympathy  for  this 
notion.  High  winds  and  pestilence  are  his  specialties.  His  face  is  con¬ 
ceived  as  the  masks  that  represent  him  in  the  Doorkeeper  role.  These 
masks  are  red  or  black,  they  portray  the  broken  nose  and  twisted  mouth 
where  the  mountain  struck  his  face  when  he  and  the  Creator  contested  at 
moving  mountains,  and  his  image  may  carry  any  of  the  mouth  types— 
straight,  hanging,  flaring,  spoon-lipped,  etc.— with  or  without  high-bridged 
nose,  which  the  Seneca  use  for  dramatizing  his  behavior. 

Among  the  Seneca,  then,  there  are  these  two  main  classes  of  masks  and 
corresponding  beings.  The  second  are  really  the  ranking  class,  for  the 
Common  Faces  are  ill-defined  and  include  a  great  variety.  The  classes 
are  also  age-graded,  in  the  sense  that  the  boy  with  his  mask  may  gradual¬ 
ly  be  called  upon  to  perform  more  important  tasks  of  curing,  until  he 
acquires  confidence  in  his  powers  and  the  mask  accumulates  prestige, 
until  what  may  originally  have  portrayed  “only  a  face”  of  the  forest 
ultimately  graduates  to  the  “Great  Doctor”  role  and  rank. 

But  the  Iroquois  have  their  systematists  too.  Every  community  has  its 
thinker  who  is  bothered  by  inconsistencies.  Jess  Complanter,  during  his 
boyhood  at  Newtown  on  Cattaraugus,  N.  Y.,  remembers  that  certain  masks 
were  reserved  for  certain  functions.  The  Great  Doctor  masks  were  never 
let  out  to  small  boys;  they  were  kept  for  the  Doorkeeper  role.  To  a  degree, 
this  situation  arises  because  someone  always  performs  a  certain  role  and 
he  has  that  kind  of  mask.  At  Six  Nations  on  Grand  River,  where  the  masks 
stress  the  twisted  face  of  Hadu'’i’,  and  the  Society  is  known  as  the 
Hump-back  or  False-face  Society,  one  hears  fewer  tales  of  human  ad¬ 
venture,  but  there  is  greater  stress  on  cosmogonic  myths.  As  told  to 
Hewitt  by  John  and  Joshua  Buck,  these  myths  are  highly  systematic  and 
relate  to  a  whole  series  of  specialized  masks  which  Hewitt  collected  for 
the  Smithsonian  Institution  in  1919.  Color  symbolism,  between  red  and 
black,  is  highly  developed  and  directionally  oriented.  Red  masks  are 
thought  to  have  more  power,  and  there  is  a  divided  mask— painted  half 
red  and  half  black— for  a  being  whose  body  is  riven  in  twain.  He  stands 
at  the  mid-sky  looking  south,  his  red  cheek  to  the  east,  which  suggests 
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life  and  death,  and  recalls  the  divided  body  of  the  paralytic  patient. 
There  is  also  one  that  is  half  husk  and  half  wood;  but  in  general  there 
are  five;  (1)  entirely  black,  on  the  west;  (2)  pure  red,  east;  (3)  “only  a 
face”  in  the  forest,  humpbacked;  (4)  divided,  at  the  mid-sky,  with  wry 
face;  and  (5)  husk-mask  messenger. 

Though  Speck  found  five  classes  of  Husk-faces,  save  at  Grand  River, 
there  is  no  real  body  of  mythology  to  explain  the  dramatic  performances 
of  the  Husk-faced  company  who  come  from  the  east,  where,  in  a  gulley, 
they  till  the  land  amid  great  stumps  to  promise  the  Seneca  on  the  last 
night  of  the  Midwinter  Festival  that  the  crops  will  return  next  season  in 
abundance.  Here  is  a  group  rite  in  which  many  participate  with  great  en¬ 
joyment  but  without  much  explanation  of  why. 

Small  wonder,  then,  that  Senecas  were  confused  when  asked  to  classify 
masks,  and  they  saw  in  my  pictures  but  few  classes  of  beings  in  many 
guises  and  aspects.  Masks,  then,  are  not  definable  by  form  alone.  Only 
these  they  knew:  (1)  representatives  of  the  Great  World  Rim  Being; 

(2)  common  Faces  of  the  Forest;  (3)  beggars;  and  (4)  husk-faces. 


Part  5  ^ 

(1)  Since  these  roles  in  observed  behavior  affect  classification,  how 
valid,  then,  are  previous  archeological,  historical,  and  psychological 
classifications? 

(2)  Styles,  like  ceremonies,  evolve  locally.  ^ 

(3)  Local  styles,  because  they  exert  strong  feedback  effects  upon  the 

formation  of  stereotypes,  may  be  more  important  than  mythology  in  deter-  , 
mining  how  the  natives  conceive  the  supernaturals.  ^ 

(4)  Ritual  is  the  proving  ground  for  individual  performance  and  the 

school  of  learning,  a  process  in  which  stereotypes  are  formed.  The 
ceremonies  then  structure  mythology,  and  determine  the  classification  of  V 
masks.  f 

(5)  The  types  that  we  can  isolate  formally  have  cultural  validity  to  ) 

the  extent  that  they  capture  style.  ^ 
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SECTION  OF  OCEANOGRAPHY  AND  METEOROLOGY 

PANEL  DISCUSSION  ON  LONG-RANG  FORECASTING* 

I.  THE  OUTLOOK  FOR  LONG-RANGE  WEATHER 
FORECASTING:  INTRODUCTION** 

By  Jerome  Spar 

Department  of  Meteorology,  New  York  University,  New  York,  N.  Y. 

Opinions  vary  as  to  the  present  skill  of  long-range  weather  forecasts. 
However,  I  think  it  is  generally  agreed  that  the  accuracy  of  such  forecasts 
is  not  satisfactory. 

We  are  concerned  here  with  three  problems:  (1)  Why  are  long-range 
forecasts  no  better  than  they  are?  (2)  What  kind  of  research  is  needed  to 
improve  long-range  weather  forecasting?  (3)  Can  we  expect  an  increase 
in  the  accuracy  of  long-range  forecasts  in  the  near  future? 

The  authors  of  the  following  papers  have  all  been  closely  associated 
with  long-range  weather  forecasting  for  many  years,  and  I  can  think  of 
no  group  more  competent  to  answer  these  questions.  I  believe,  however, 
that  these  authors  represent  somewhat  different  philosophies  as  regards 
long-range  forecasting,  so  that  we  have  an  opportunity  here  not  only  to 
outline  the  areas  of  agreement  but  also  to  point  up  differences  of  opinion. 

The  authors  will  consider  as  their  general  theme  “The  Outlook  for 
Long-Range  Forecasting”  and  will  suggest  directions  that  research  in 
long-range  weather  forecasting  should  take.  Thus  we  are  somewhat  less 
concerned  with  past  performances  and  methodologies  than  with  research 
needs  and  future  developments. 


*These  papers  were  presented  at  a  meeting  of  the  Section  on  January  24,  1956« 

**Thi8  Introduction  was  the  first  of  five  papers  in  a  Panel  Discussion  on  Long-Range 
Weather  Forecasting  presented  at  a  meeting  of  the  Section  on  January  24,  1956. 
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II.  THE  OUTLOOK  FOR  LONG-RANGE  WEATHER  FORECASTING 
By  Hurd  C.  Willett 

Department  of  Meteorology,  Massachusetts  Institute  of  Technology, 
Cambridge,  Mass. 

Introduction 

In  addition  to  the  short-range  weather  forecast,  two  range  categories 
are  usually  recognized  today:  the  extended  and  the  long-range  forecast. 
The  extended  forecast  attempts  to  superpose  the  day-to-day  sequence  of 
weather  changes  on  the  forecast  of  the  mean  state  or  trend  of  the  weather 
over  a  longer  period  of  time— by  current  practice  in  this  country,  a  period 
of  five  days  to  one  week.  Extensive  verification  of  a  variety  of  extended 
forecasts  prepared  both  in  this  country  and  abroad  clearly  establishes 
the  fact  that  by  the  fifth  day  a  vanishing  degree  of  skill  is  attained  by 
any  extended  forecast  of  the  day-to-day  sequence  of  weather  changes, 
whereas  long-range  forecasts  of  mean  states  or  trends  may  attain  an  ap¬ 
preciable  degree  of  skill  over  much  longer  periods  of  time  than  one  week. 

There  is  no  prospect  at  the  present  time  of  increasing  substantially 
the  skill  or  the  effective  range  of  the  extended  type  of  forecast  beyond 
the  fourth  or  fifth  day.  In  so  far  as  numerical  prediction  techniques  may 
hold  any  real  promise  for  forecasts  beyond  the  short  range,  it  is  to  fore¬ 
casts  of  the  extended  range,  based  on  synoptic  flow  patterns  at  frequent 
intervals  rather  than  on  mean  flow  patterns,  that  this  promise  applies.  In 
other  words,  from  this  viewpoint  the  extended-range  type  of  forecast  of¬ 
fers  no  promise  of  substantial  improvement  beyond  the  present  four-  or 
five-day  range  limit,  nor  do  the  numerical  prediction  techniques  apply 
beyond  this  same  range.  Therefore,  in  this  paper,  which  applies  only  to 
true  long-range  prediction  as  defined  above,  no  further  mention  is  made 
of  the  numerical  approach  to  the  prediction  problem. 

For  the  purpose  of  the  present  discussion  of  the  outlook  for  long-range 
forecasting,  the  more  promising  approaches  to  the  prediction  problem  may 
be  considered  most  conveniently  in  three  groups  or  categories,  as  fol¬ 
lows:  (1)  purely  statistical  approaches,  utilizing  in  general  form,  without 
physical  interpretation,  data  that  are  now  available;  (2)  physical-synoptic 
approaches,  involving  the  interpretation  and  understanding  of  the  normal 
internal  mechanics  of  the  operation  of  the  general  circulation;  and 
(3)  solar  variability  approaches,  involving  the  influence  of  any  external 
factor  of  control  of  the  operation  of  the  general  circulation. 

Purely  Statistical  Approaches 

The  principal  advantage  of  the  purely  statistical  approaches  to  long- 
range  forecasting  lies  in  the  fact  that  the  available  data  approach  ade- 
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quacy,  at  least  for  the  satisfactory  testing  of  the  forecasting  techniques 
that  have  been  suggested.  Since  these  techniques  are  in  no  sense  de¬ 
pendent  on  physical  or  theoretical  understanding  of  the  relationships 
that  are  uncovered,  the  attainment  of  maximum  results  will  not  be  de¬ 
layed  by  the  necessity  of  further  extensive  accumulation  of  data  or 
development  of  theory.  The  attainment  of  these  maximum  results  probably 
can  be  largely  achieved  by  the  direction  of  not  more  than  three  years  of 
substantial  effort  toward  this  end. 

In  view  of  the  large  amount  of  effort  that  has  been  expended  during 
the  past  50  years  on  purely  statistical  approaches  to  long-range  fore¬ 
casting,  with  only  very  modest  results  to  show  for  all  the  effort,  it  is 
evident  that  the  ultimate  possibilities  of  the  purely  statistical  approach 
appear  to  be  rather  limited.  The  two  approaches  in  this  category  that,  in 
the  past,  have  turned  in  a  prognostic  performance  of  some  slight  degree 
of  statistical  significance  are  the  correlation-regression  technique  of  Sir 
Gilbert  Walker,^  notably  in  connection  with  his  “Southern  Oscillation,” 
and  the  contingency  technique  tested  by  the  Weather  Services-  G.R.D.* 
Long-Range  Forecasting  Project.^  However,  the  primary  out.standing 
result  of  both  of  these  investigations,  the  fact  which  nearly  all  purely 
statistical  investigations  of  long-range  circulation-weather  relationships 
come  up  against,  is  the  essential  instability  of  these  relationships  in 
the  long  term.  In  other  words,  relationships  that  may  hold  at  a  high  level 
of  significance  during  one  period  of  years,  or  even  of  decades,  may  be¬ 
come  completely  insignificant  or  even  reverse  themselves  during  another 
such  period.  Instabilities  of  this  kind  are  too  numerous  to  mention.  In 
the  contingency  study  referred  to  above,  this  instability  was  illustrated 
by  the  fact  that  if  the  predict  or- predict  and  relationship  is  tested  for  the 
less  clearly  related  elemei.t,  precipitation,  as  the  predictand,  at  a  range 
beyond  the  influence  of  immediate  persistence  such  as  the  second  month 
or  the  second  season  ahead,  and  between  areas  geographically  remote 
from  each  other,  then  this  relationship  is  consistently  and  significantly 
less  than  that  expected  by  chance.  This  result  can  be  interpreted  only 
as  meaning  that  there  is  a  consistent  opposition  in  the  behavior  pattern 
of  the  general  circulation  from  one  period  to  another,  i.e.,  that  there  is 
some  external  factor  of  control  that  imposes  different  behavior  patterns 
at  different  times.  This  implication  does  not  bode  well  for  the  effective¬ 
ness  of  any  general  and  purely  statistical  approach  to  the  problem  of 
long-range  forecasting. 

Probably  the  ultimate  potentialities  of  the  purely  statistical  approach 
can  be  attained  by  the  effective  utilization  of  the  technique  developed  by 
Malone,  as  yet  unpublished,  based  on  the  application  of  orthogonal  poly¬ 
nomials  of  the  type  utilized  by  Wadsworth  to  northern  hemisphere  seasonal, 
monthly,  or  five-day  mean  contours  of  sea-level  pressure,  of  some  lower 
pressure  aloft,  and  of  T^  between  the  two  levels.  In  so  far  as  monthly  or 

*Geophy8lc8  Re8earch  Directorate. 
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seasonal  mean  point  values  or  patterns  of  any  weather  element  are  deter¬ 
mined  by  preceding  pressure  or  thermal  contour  patterns,  then  this  method, 
properly  applied,  can  extract  the  full  value  of  this  determination.  Certainly 
this  statistical  technique  of  long-range  forecasting  should  be  fully  tested. 
The  necessary  data  are  at  hand:  the  method  of  approach  is  clearly  de¬ 
fined.  Obviously,  however,  the  degree  of  prognostic  success  that  can  be 
attained  will  depend  upon  the  internal  consistency  of  the  longer-range 
evolution  of  weather  patterns,  and  on  the  degree  of  control  of  this  evolu¬ 
tion  by  any  independent  external  factor  such  as  irregular  solar  activity. 
However,  in  so  far  as  any  variable  solar  factor  is  consistently  related  to 
the  initial  weather  patterns  from  which  the  prognostic  evolution  starts,  it 
also  will  find  adequate  expression  in  the  forecasts. 

Physical-Synoptic  Approaches 

From  the  above  remarks  concerning  the  basic  lack  of  long-term  con¬ 
sistence  in  the  behavior  patterns  of  the  general  circulation,  it  is  evident 
that  any  reasonably  satisfactory  long-range  forecasting  technique  will 
have  to  make  allowance  for  the  changing  pattern  of  this  behavior.  Tech¬ 
niques  seeking  to  do  this  look  for  the  causes  of  these  changing  behavior 
patterns  either  exclusively  in  the  internal  physical  mechanics  of  the 
operation  of  the  general  circulation,  or  in  the  operation  of  these  internal 
mechanics  in  combination  with  an  important  external  factor  of  control 
exercised  presumably  by  variable  solar  activity.  Whether  such  an  im¬ 
portant  variable  solar  factor  operates  or  not,  it  is  obvious  that  a  better 
understanding  of  the  internal  mechanics  of  the  general  circulation  is  a 
first  requirement  tor  more  effective  long-range  prediction  as  well  as  for 
the  proper  evaluation  of  any  variable  solar  influence  that  may  be  super¬ 
posed.  The  so-called  physical-synoptic  approaches,  which  are  concerned 
solely  with  the  internal  mechanics  of  the  general  circulation,  allow  for 
only  the  normal  seasonal  fluctuations  of  insolation  in  combination  with 
terrestrial  factors  such  as  snow  cover  and  cloudiness,  which  may  in¬ 
fluence  their  effectiveness. 

The  physical-synoptic  approaches  to  long-range  prediction  obviously 
will  require  a  longer  time  than  the  purely  statistical  approaches  in  order 
to  be  developed  to  maximum  effectiveness,  because  they  depend  on  con¬ 
cepts  that  only  now  are  being  formed  and  which  will  require  much  further 
processing  of  synoptic  world  weather  data  for  full  development.  Probably 
from  5  to  10  years  will  be  required  to  develop  and  test  to  the  full  the 
techniques  currently  under  development.  Four  of  these  techniques  that 
appear  to  the  author  to  contain  most  of  the  promise  of  this  approach  are 
the  following: 

Namias’  morthly  and  seasonal  forecasting  technique.  This  method 
represents  essentially  an  extension  to  monthly  and  seasonal  mean  pat¬ 
terns  of  his  technique  of  the  extrapolation  and  prediction  of  five-day 
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mean  flow  patterns.  This  technique  is  based  in  part  on  dynamic  con¬ 
siderations  of  preferred  stable  upper-level  wave  patterns  in  terms  of 
zonal  flow,  equilibrium  wave  length,  and  topographic  influences,  and  on 
any  abnormal  operation  of  the  primary  heat  and  cold  sources  at  the 
earth’s  surface.  The  monthly  and  seasonal  extension  requires  further 
emphasis  on  the  long-range  persistence  (stability)  of  the  pertinent  flow 
patterns,  aid  on  the  normal  seasonal  progress  of  insolational  influences 
relative  to  the  primary  heat  and  cold  sources. 

Schell’s  dynamic  persistence  technique.  This  technique  is  based 
primarily  on  the  synoptic  investigation  and  physical  interpretation  of 
some  of  the  striking  statistical  features  of  Walker’s  southern  oscillation 
and  some  of  the  polar  ice-weather  relationships  of  the  North  Atlantic  and 
northern  Europe.  So  far,  this  technique  has  demonstrated  some  significant 
success  in  forecasting  conditions  only  for  the  winter  season  in  various 
areas  from  the  central  Pacific  across  North  America  to  northern  Europe. 
It  is  hoped  that  as  the  long-term  persistence  and  progression  of  certain 
features,  particularly  of  the  southern  oscillation,  are  better  understood 
physically,  significant  forecasting  relationships  will  be  found  also  for 
other  areas  and  other  regions.  There  remains  also  the  problem  of  dis¬ 
covering  the  physical  cause  of  the  long-term  fluctuations  of  the  southern 
oscillation  itself,  which  appear  at  this  point  most  likely  to  be  solar  in 
origin. 

Starr’s  study  of  the  dynamics  and  ttiermodynamics  of  the  general  cir¬ 
culation.  The  studies  of  Starr®  and  his  collaborators  (Kuo,  Lorenz,  et  al.) 
at  the  Massachusetts  Institute  of  Technology  have  made  in  the  past  two 
two  or  three  years  some  quite  fundamental  progress  towards  the  clarifica¬ 
tion  of  the  nature  of  the  operation  of  the  general  circulation,  both  as  to 
the  basic  thermal  drive  and  the  internal  mechanics  of  its  operation. 
Further  progress  in  the  understanding  of  this  complex  problem  is  cur¬ 
rently  being  made,  supplemented  by  some  of  the  model  tank  experiments 
of  Fultz  and  others,  and  by  some  of  the  circulation  index  correlation 
statistics  computed  by  Willett.®  Although  this  work  of  Starr  and  his  col¬ 
leagues  finds  no  direct  application  to  long-range  forecasting  at  the 
moment,  it  is  establishing,  probably  more  than  any  other  current  invest¬ 
igation,  the  physical  principles  on  which  such  forecasting  must  eventual¬ 
ly  be  based,  as  well  as  the  framework  of  physical  knowledge  against 
which  the  possible  disturbance  by  variable  solar  influences  must  be 
evaluated. 

Willett’s  study  of  tlw  mechanics  of  operation  of  the  general  circulation 
by  index  correlation.  This  investigation  by  the  statistical  analysis  of 
observational  data  on  the  general  circulation  can  serve  both  in  the  nature 
of  confirmation  of  the  theoretical  results  obtained  by  Starr®  and  other  or, 
if  corroboration  of  the  theoretical  results  fails,  in  the  nature  of  an  in¬ 
dication  as  to  where  the  theory  seems  to  be  weak  and  possibly  also  as 
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to  the  direction  in  which  a  more  accurate  theoretical  interpretation  lies. 
Preliminary  results  of  this  study,  which  has  been  in  progress  for  several 
years,  but  which  should  be  extended  to  several  years  of  additional 
synoptic  data  for  confirmation,  corroborate  Starr’s  theories  to  a  marked 
degree  at  many  points,  but  they  also  show  rather  surprising  discrepancies 
at  certain  points  between  the  observed  facts  and  the  relationships  that 
might  be  expected  by  direct  application  of  the  basic  theory.  These  dis¬ 
crepancies  indicate  that  the  operation  of  the  basic  theory,  if  it  is  cor¬ 
rect,  is  somewhat  more  complicated  in  the  atmosphere  than  might  be 
assumed  at  first  glance. 


Approaches  Involving  Irregular  Solar  Activity 

Even  if  irregular  solar  activity  exerts  only  occasionally  a  decisive 
influence  on  the  large-scale  changes  of  the  general  circulation,  it  is 
important  for  long-range  prediction  to  be  aware  of  this  possibility  and 
of  the  effects  to  be  expected.  If  such  solar  activity  is  a  controlling 
factor  of  primary  significance,  then  it  will  be  necessary  to  determine 
the  specific  nature  of  the  pertinent  solar  emission,  and  to  establish 
reliably  the  physical  linkage  between  the  solar  emission  and  the  ultimate 
reaction  of  the  general  circulation  of  the  lower  troposphere. 

From  the  point  of  view  of  the  solar  approach  to  long-range  weather 
prediction,  it  is  convenient  to  consider  three  distinct  approaches  to 
solar-weather  relationships,  depending  somewhat  on  the  time  range  in¬ 
volved,  as  follows: 

The  statistical-synoptic  analysis  of  long-term  (climatic)  solar-weather 
relationships.  Recent  work  of  Willett,^  based  on  earlier  work,  particularly 
of  Hanzlik^  and  many  others,  has  established  almost  beyond  statistical 
doubt  the  existence  of  significant  relationships  between  solar  activity 
as  represented  by  the  double  and  the  80-year  sunspot  cycles,  and  fluctu¬ 
ations  or  cycles  of  the  general  circulation  as  reflected  in  climatic  cycles 
or  climatic  trends.  In  particular  the  long-term  fluctuations  of  temperature 
in  northern  polar  latitudes,  which  are  reflected  less  strongly  in  the 
temperatures  of  the  higher  middle  latitudes  in  many  regions,  are  closely 
related  to  an  80-year  sunspot  cycle,  while  alternating  wet  and  dry  de¬ 
cades  in  the  western  United  States  and  other  sections  in  lower  middle 
latitudes  are  closely  related  to  the  double  sunspot  cycle.  A  great  deal 
of  information  that  can  be  extremely  useful  for  decadal  or  even  longer- 
range  forecasting  of  climatic  changes  remains  to  be  established  con¬ 
cerning  the  complete  pattern  of  these  longer-term  solar-weather  relation¬ 
ships.  However,  studies  of  this  category  can  be  useful  only  very  in¬ 
directly  for  monthly  or  seasonal  forecasting,  or  for  the  determination  of 
the  specific  physical  linkage  between  solar  emissions  and  responses  of 
the  general  circulation. 

The  use  of  solar  analogs  for  monthly  or  seasonal  forecasting.  It  is 
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evident  that  sunspot  cycles  are  far  too  large-meshed  to  apply  directly 
to  monthly  or  even  to  seasonal  forecasting.  Large-scale  weather  patterns 
vary  greatly  within  the  same  phase  of  the  double  or  single  sunspot  cycle. 
Yet  it  is  striking  that  when  monthly  and  seasonal  forecasting  is  based  on 
analog  sequences,  the  best  analog  sequences  are  found  almost  exclusive¬ 
ly  at  the  corresponding  phase  of  the  double  sunspot  cycle  in  the  past. 
Therefore,  it  is  strongly  recommended  that  the  selection  of  an  analog  , 
period  for  monthly  or  seasonal  weather  forecasting  be  based  not  only  on 
the  sequence  of  the  northern  hemisphere  general  circulation  anomaly  ^ 

patterns,  but  also  on  the  monthly  or  seasonal  sequence  of  sunspot  j 

activity,  for  such  sequences  vary  greatly  at  the  same  phase  of  the  double 
sunspot  cycle.  Sunspots  are  the  only  index  of  solar  activity  with  a  suf-  ) 
ficiently  long  homogeneous  record  to  be  usable  in  this  manner.  This  i 
solar  analog  technique  of  monthly  and  seasonal  forecasting  has  not  been 
properly  tested  owing  to  a  lack  of  organized  solar  data  on  a  sufficiently 
current  basis.  i 

The  short-term  reactions  of  the  general  circulation  to  sudden  solar 
impulses.  The  problem  of  all  solar-weather  relationships  and  the  proper  ' 
use  of  the  solar  factor  in  long-range  forecasting  will  be  satisfactorily  ' 
answered  only  when  the  specific  nature  of  the  pertinent  solar  emissions 
and  their  complete  physical  linkage  to  the  resultant  atmospheric  cir-  ' 
culation  changes  are  fully  understood.  This  state  of  understanding  prob¬ 
ably  will  not  be  attained  within  the  next  10  years,  dependent  as  it  is  on  ^ 
more  specific  and  quantitative  information  at  three  levels;  on  the  sun’s 
surface,  in  the  upper  stratosphere,  and  in  the  troposphere.  The  best  > 
evidence,  however,  is  that  long-range  weather  prediction  will  not  even  ^ 
approach  its  ultimate  maximum  effectiveness  until  this  information  is 
available,  along  the  following  general  lines: 


(1)  Specific  information  as  to  the  quantitative  output  of  the  irregular  > 
solar  emissions,  both  corpuscular  and  ultraviolet.  In  this  connection  the 
work  of  Doctor  Roberts  and  his  program  for  the  High  Altitude  Observatory  . 
at  Boulder,  Colo.,  deserves  the  strongest  support.  His  program  represents  t 
the  best  integrated  effort  being  made  today  to  obtain  and  make  accessi¬ 
ble  to  meteorologists  needed  solar  observational  data  of  every  type,  and 

to  effect  closer  liaison  between  the  meteorologist  and  the  solar  astrono-  ) 
mer. 

(2)  Quantitative  information  as  to  the  thermal  and  circulatory  reactions 

of  the  upper  stratosphere  to  solar  ultraviolet  and  corpuscular  bombard-  ♦ 
ment.  The  entire  problem  of  the  elevation  and  the  means  of  the  atmos¬ 
pheric  absorption  of  this  solar  energy,  of  the  immediate  thermal  and 
circulatory  reactions  of  the  atmosphere  at  those  levels,  and  of  the  trans-  * 
mission  of  these  effects  to  lower  levels  remains  to  be  answered.  Recent 
attempts  to  specify  the  causes  of  large-scale  changes  of  temperature  and  . 


of  circulation  in  the  upper  stratosphere  as  being  either  dynamic  or 
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in  origin  had  to  be  abandoned  because  of  the  complete  inadequacy  of  the 
available  synoptic  data.  At  the  present  time,  and  for  some  time  to  come, 
there  is  no  prospect  of  obtaining  sufficient  synoptic  data  even  to  the 
'  100  mb.  level  to  make  possible  any  satisfactory  dynamic  analysis  of 

the  large-scale  thermal  or  circulatory  changes  at  or  above  this  level. 

I  Consequently  this  direct  approach  to  a  better  understanding  of  the  link- 
’  age  of  solar  activity  to  weather  changes  remains  closed  to  effective  in- 
I  vestigation  for  the  time  being. 

(3)  Accurate  determination  of  the  ultimate  reactions  of  the  general 
circulation  of  the  troposphere  to  specific  solar  emissions.  Obviously  the 
I  final  complete  answer  to  this  basic  problem  of  long-range  forecasting 
^  will  not  be  forthcoming  until  the  internal  mechanics  of  the  operation  of 
the  general  circulation  and  the  physical  linkage  between  specific  solar 
I  emissions  and  the  transmission  of  their  effects  to  the  lower  atmosphere 
are  sufficiently  well  understood  to  explain  the  impact  of  the  solar  im- 
'  pulse  on  the  circulation  system.  Meanwhile,  however,  partial  empirical 

I  answers  are  obtainable  by  short-cut  statistical  synoptic  approaches, 

,  notably  by  the  superposed  epoch  technique.  But  it  is  quite  clear  that 
satisfactorily  definite  relationships  are  not  to  be  expected  as  long  as 
I  neither  the  magnitude,  the  character,  nor  the  location  of  the  initial 
solar  impact  on  the  atmosphere  nor  the  dependence  of  the  atmospheric 
reaction  on  the  initial  state  of  the  general  circulation  are  known.  Par- 
^  ticularly  noteworthy  in  this  respect  is  the  recent  approach  of  Shapiro, 

as  yet  unpublished.  Shapiro  used  autocorrelations  of  the  orthogonal 
polynomials  to  establish  the  occurrence  of  circulation  changes  following 
an  arbitrary  increase  of  the  geomagnetic  index  of  solar  activity,  thus 
completely  divorcing  the  occurrence  of  the  circulatory  change  from  its 
pattern  and  orientation.  He  was  thus  able  to  demonstrate  to  a  high 
degree  of  statistical  significance  that  changes  of  the  circulation  pattern 
of  the  lower  troposphere  do  follow  sudden  solar  corpuscular  activity  at  a 
quite  definite  14-day  lag. 

It  is  evident  that  the  complete  evaluation  of  the  influence  of  variable 
solar  activity  on  changes  of  the  general  circulation  and  the  large-scale 
weather  patterns  will  require  many  years,  but  it  appears  quite  evident  at 
this  point  that  this  evaluation  will  be  important  to  long-range  weather 
prediction. 
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III.  THE  OUTLOOK  FOR  LONG-RANGE  WEATHER  FORECASTING 
By  Robert  W.  White 

^  Atmospheric  Analysis  Laboratory,  Geophysics  Research  Directorate, 

Air  Force  Cambridge  Research  Center,  Hanscom  Field, 

I  Bedford,  Mass. 

\ 

r  During  the  past  decade  we  have  witnessed  many  noteworthy  advances 
,!  in  our  knowledge  of  the  earth’s  atmosphere  and  remarkable  changes  in 

;  meteorological  technique.  The  question  arises  as  to  whether  these  de- 

1  velopments,  taken  individually  or  as  a  group  offer  the  possibility  of  in- 

'  creasing  the  general  level  of  accuracy  of  long-range  weather  forecasts  in 

j  the  near  future.  My  answer  is  yes,  and  I  shall  try,  in  the  space  at  my 

I  disposal,  to  present  a  reasonable  case  for  this  point  of  view.  Because 

j  of  space  limitations  I  shall  attempt  to  single  out  only  a  few  of  those  de- 

)  velopments  of  the  last  several  years  which,  in  my  opinion,  have  the  most 
important  bearing  on  the  problem. 

All  long-range  forecasting  systems  comprise  a  body  of  technique  en- 
'  casing  a  skeleton  of  physical  hypothesis.  It  is  my  feeling  that  our  lack 

^  of  success  in  the  pa^U  is  traceable  largely  to  the  weakness  of  the  physi¬ 

cal  hypotheses  underlying  most  such  forecasting  systems.  It  is  just  at 
this  weak  point  that  significant  advances  have  been  made  in  the  past 
)  decade.  Theoretical  and  observational  studies  of  the  general  circulation 
I  of  the  atmosphere  have  increased  our  understanding  of  the  causes  of  the 
maintenance  and  fluctuations  of  the  global  wind  systems  to  the  point 

>  where  we  can  begin  to  formulate  a  valid  theory  for  the  general  circula- 
I  tion  of  the  atmosphere.  These  investigations  have  clearly  indicated  the 
I  nature  of  certain  aspects  of  the  highly  complex  and  closely  interrelated 

>  system  of  physical  processes  that  governs  the  fluctuations  of  the  global 
I  circulation.  Broadly  speaking,  the  general  circulation  is  now  portrayed  as 
I  a  giant  feed-back  mechanism  in  which  there  is  a  continuous  interaction 
i  between  the  planetary  circulations  and  disturbances  on  the  scale  of 
I  travelling  cyclones  and  anticyclones.  We  are  beginning  to  understand 
1  the  manner  in  which  the  energy  initially  imparted  to  the  atmosphere  in 
*  the  form  of  solar  radiation  is  converted  by  atmospheric  circulations  into 
i  the  kinetic  energy  of  the  global  wind  systems  as  we  know  them. 

t  This  knowledge  provides  us  with  an  increasingly  sound  physical  basis 
for  developing  long-range  forecasting  technique,  but  it  also  implies  that 
j  the  problem  cannot  be  expected  to  yield  to  any  hypothesis  that  singles 
out  from  this  complex  a  given  physical  process  or  an  isolated  meteorolog- 
J  ical  phenomenon.  In  other  words,  the  problem  is  not  a  simple  one,  and 

I  there  is  no  reason  to  expect  that  its  solution  should  be  simple. 

■  The  implication  here  is  that  it  will  be  necessary  for  us  to  bring  to 
7  bear  upon  this  problem  those  techniques  that  offer  the  possibility  of  in- 
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corporating  the  pertinent  physical  processes  in  approximately  the  relation  I 
they  are  found  in  the  atmosphere,  or  that  can  exploit  our  knowledge  of 
the  general  circulation  in  a  rather  complex  manner.  In  my  mind,  both  the 
techniques  of  numerical  weather  prediction  and  modern  statistical  analy-  l 
sis  appear  to  satisfy  these  requirements. 

Let  us  examine  the  first  of  these  techniques.  The  pertinent  physical  , 
factors  governing  the  variations  of  the  field  of  motion  in  the  atmosphere  | 
are  expressed  concisely  in  the  equations  governing  atmospheric  motions,  j 
Integration  of  these  equations  yields  a  prediction  of  the  state  of  the  I 
atmosphere  resulting  from  the  complex  interaction  of  these  physical  , 
processes.  For  reasons  of  mathematical  tractability  and  because  our  j 
knowledge  of  the  atmosphere  is  deficient  in  certain  respects,  only  ex- 
tremely  simple  mathematical  models  of  the  atmosphere  have  as  yet  been  > 
studied  and  applied  to  the  forecasting  problem.  It  would  seem  that  such  I 
models  are  not  adequate  for  the  prediction  of  the  state  of  the  atmosphere  | 
over  long  periods  of  time.  However  it  should  be  pointed  out  that  even  j 
these  simple  models  are  able  to  take  into  account  the  highly  nonlinear  | 
interrelations  between  the  physical  processes  that  control  the  fluctua-  ^ 
tions  of  the  wind  systems  in  a  manner  that  is  impossible  for  the  individ-  v 
ual  forecaster.  In  this  connection  it  is  interesting  to  note  that  predictions  | 
based  on  even  these  simple  models,  when  extended  in  time  to  three  days,  I 
yield  promising  results.  I 

The  difficulties  faced  in  the  application  of  numerical  techniques  to  ^ 
the  longer-range  forecasting  problem  are  formidable,  and  they  stem  from  I 
many  sources.  For  one,  it  is  obvious  that  more  sophisticated  models  in-  g 
corporating  such  processes  as  heating  and  friction  will  be  necessary.  In  f 
this  connection,  experiments  carried  out  at  the  Institute  for  Advanced  I 
Study,  Princeton,  N.  J.,  by  N.  A.  Phillips  (1955)  offer  some  encourage-  t 
ment.  In  these  experiments,  heating  was  introduced  into  a  simple  baro-  J 
clinic  model,  and  integrations  starting  with  artificial  initial  conditions  I 
were  carried  out  for  a  period  of  about  30  days.  They  reveal  that  the  gross  ! 
features  of  the  fluctuations  of  the  large-scale  circulations  are  closely  ? 
simulated.  Thus,  for  example,  the  statistics  of  the  energy  cycle  within  | 
this  model  are  similar  in  many  respects  to  those  found  in  the  atmosphere.  ' 
However,  while  it  appears  that  mathematical  models  incorporating  the  I' 
important  dynamics  can  be  developed,  there  are  many  other  hurdles  to  | 
be  overcome.  Some  of  these  are  purely  mathematical  and  result  in  the  ’ 
introduction  of  artificial  disturbances  that  may  develop,  obscuring  the  ) 
desired  results.  Others  result  from  the  lack  of  proper  observational  in-  j 
formation  on  a  hemispherical  basis.  Although  our  observational  network  I 
has  improved  remarkably  in  recent  years,  it  is  still  inadequate  over  ocean  ' 
and  tropical  areas.  It  seems  reasonable  to  suppose  that  these  difficulties  I 
will  be  overcome  to  the  extent  that  valuable  information  can  be  obtained  | 
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,  from  extended  integrations  of  appropriate  mathematical  models,  which 
will  be  useful  in  long-range  forecasting. 

At  this  point  I  should  indicate  that,  in  my  opinion,  our  aim  is  not  the 
I  portrayal  of  the  instantaneous  state  of  the  atmosphere  at  any  time  in  the 
future.  If  this  were  the  goal  of  long-range  forecasting,  then  our  course 
would  be  both  clear  and,  possibly,  hopeless.  It  would  then  be  advisable 
^  to  concentrate  on  the  development  of  a  perfect  forecast  for  very  short 
periods  in  advance.  Unless  it  were  possible  to  make  such  a  perfect  fore- 
'  cast,  the  laws  of  the  growth  of  errors  would  guarantee  the  eventual  decay 
I  of  the  forecast  accuracy  with  time.  Rather,  the  problem  is  to  make  pre¬ 
dictions  of  the  statistics  of  the  motion  over  long  periods  of  time.  With 
this  as  our  goal,  there  is  some  hope  of  obtaining  valid  information  from 
r  extended  integrations  of  appropriate  dynamical  equations  that  may  be  in¬ 
accurate  as  to  detail,  but  accurate  as  to  certain  statistics  of  the  motion. 

'  Long-range  weather  forecasters  have  intuitively  recognized  this,  and  they 
j  attempt  to  forecast  certain  simple  statistics  of  the  weather  over  long 
periods  of  time. 

'  The  use  of  the  dynamical  laws  as  a  basis  for  forecasting  is  not  alone 
'  restricted  to  the  numerical  integration  of  suitable  mathematical  models. 

Once  we  have  satisfied  ourselves  that  these  mathematical  models  do  con- 
^  tain  some  of  the  essential  physical  ingredients  controlling  the  fluctua¬ 
tions  of  the  general  circulation,  it  is  possible  to  use  them  in  other  ways 
^  as  a  rational  basis  on  which  to  develop  practical  long-range  weather 
forecasting  systems. 

,  We  may  use  them  as  a  foundation  for  the  application  of  many  of  the 
^  powerful  techniques  of  modern  statistical  analysis.  The  advantages  in¬ 
herent  in  modifying  a  purely  dynamical  system  with  statistical-empirical 
information  may  be  quite  considerable.  In  the  purely  dynamical  systems 
^  that  we  have  discussed,  the  meteorologist  is  always  faced  with  the  ne¬ 
cessity  of  incorporating  many  physical  assumptions  regarding  the  nature  of 
the  atmospheric  physical  processes.  Many  of  these  assumptions  are  made 
^  for  purposes  of  mathematical  tractability.  It  is  possible,  by  statistical 
procedures,  to  incorporate  some  of  those  physical  processes  that  have 
been  neglected  in  the  dynamical  formulation  of  the  problem.  This  is  be- 
)  cause  the  statistics  are  based  upon  historical  data  in  which  all  the 
physical  processes  in  the  atmosphere  have  been  operative. 

The  specific  statistical  techniques  by  which  such  empirical  informa- 
)  tion  may  be  introduced  vary  widely.  However,  in  recent  months  certain 
'  experiments  based  on  the  concepts  of  information  theory  and  generalized 
harmonic  analysis  have  yielded  rather  promising  results,  and  they  offer 
,  a  wide  field  for  further  experimentation  and  development.  I  refer  you  to 
the  recent  experiments  of  T.  F.  Malone  and  R.  Miller  (1954)  and  of  R.  M. 
White  and  W.  C.  Palson  (1955). 

f  When  properly  applied,  statistical  techniques  have  se"  eral  other  ad- 
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vantages.  Inherently  they  permit  the  specification  of  the  probability  of 
the  occurrence  of  certain  events.  They  also  possess  the  advantage  that 
a  wide  variety  of  data  types  may  be  exploited  other  than  those  specifical¬ 
ly  identified  by  simple  dynamical  models  of  the  atmosphere.  By  this  1 
mean  that  vast  amounts  of  data  available  in  the  historical  record,  es¬ 
pecially  of  rainfall  and  temperature,  may  be  profitably  used.  It  is  possible  j 
to  develop  statistical  functions  of  rainfall,  temperature,  and  other  types  ^ 
of  data  that  are  closely  associated  with  the  fluctuations  of  dynamically 
important  physical  processes.  In  statistical  systems,  these  may  be  used  | 
as  suitable  predictors.  However,  unless  particular  care  is  taken  on  this  ^ 
point,  we  run  the  risk  of  engaging  once  again  in  the  fruitless  pastime  of 
unrestricted  correlation  analysis.  j 

Both  the  techniques  of  numerical  integration  and  statistical  analysis  , 
suggested  here  require  extensive  computing  facilities  of  the  high-speed 
electronic  type.  Indeed,  it  is  only  the  increasing  availability  of  such  I 
computing  facilities  that  make  the  course  that  I  have  suggested  at  all 
feasible.  With  such  devices,  and  with  a  continuing  vigorous  program  of  re-  ^ 
search  into  the  underlying  causes  of  the  fluctuations  of  the  general  cir-  | 
culation  and  the  techniques  of  numerical  and  statistical  analysis,  I  look  ^ 
forward  to  great  strides  in  the  development  of  improved  long-range  fore¬ 
casting  techniques.  ) 
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IV.  THE  OUTLOOK  FOR  LONG-RANGE  WEATHER  FORECASTING 
By  Robert  D.  Elliott 

)  North  American  Weather  Consultants,  Administration  Building, 

I  Santa  Barbara  Municipal  Airport,  Goleta,  Calif. 

I  Present  techniques  of  long-range  weather  forecasting  can  be  character- 
I  ized  as  consisting  primarily  of  a  conglomeration  of  relationships,  sta¬ 
tistically  derived  from  historical  data  and  possessing  a  sketchy  basis  in 
'  poorly  understood  and  complex  physical  mechanisms.  In  some  cases,  the 
statistical  derivations  are  highly  sophisticated  and  objective;  in  other 

*  cases,  they  are  rather  vague  and  qualitative.  However,  it  seems  to  make 
^  little  difference  in  the  accuracy  of  the  product  as  to  which  approach  is 
I  used.  In  many  techniques  past  and  present,  circulation  characteristics 

determine  the  form  of  the  predicted  circulation  characteristics.  In  some 

*  cases,  the  method  is  essentially  a  version  of  the  analogue  technique  in 

I  which,  in  essence,  the  synoptic  climatology  of  various  monthly  or  season¬ 

al  categories,  types,  or  groups  of  analogues  are  used  as  a  forecast.  In 
other  cases,  the  grouping  is  based  upon  the  phases  of  the  solar  cycle. 

I  The  required  basic  historical  data  are  becoming  more  abundant  as  time 
goes  on,  and  it  can  veritably  be  said  that  the  existing  problem  is  not  the 
collection  of  more  data  on  a  more  extensive  basis,  but  rather  the  de- 
)  termination  of  what  to  do  with  existing  data.  But  basic  to  this  determina¬ 
tion  is  a  better  understanding  of  the  underlying  physical  mechanisms, 

*  particularly  those  bearing  on  long  period  changes  in  atmospheric  motion. 

>  It  seems  logical  that  satisfactory  development  of  long-range  forecasting 
techniques  hinges  largely  upon  our  ability  and  determination  to  make 
progress  in  this  direction.  But  even  if  we  should  eventually  comprehend 

>  fully  the  physical  mechanisms  controlling  long  period  changes  in  the 

weather,  we  are  faced,  in  addition,  with  the  problem  of  computing  a  pre- 

'  diction.  Will  the  extreme  complexity  of  the  physical  mechanisms  prove 

>  to  be  a  major  obstacle  in  their  prediction?  Judging  from  our  experience 
in  short-range  forecasting,  this  would  seem  to  be  the  case. 

In  spite  of  all  this,  long-range  forecasts  are,  and  have  been,  made  for 
some  time.  Historically,  Sir  Gilbert  Walker,  Helm  Clayton,  Charles  Abbott, 
and  many  others  have  issued  long-range  forecasts  for  a  variety  of  weather 
phenomena,  including  the  Indian  monsoon,  European  seasonal  precipita- 

*  tion,  and  North  American  cold  waves.  More  recently,  and  closer  to  home, 
we  find  many  examples  of  long-range  forecasts  being  issued  both  in 

I  private  meteorology  as  well  as  in  the  United  States  Weather  Bureau.  Dur¬ 
ing  the  past  decade,  I  have  myself  reviewed  many  such  long-period  fore¬ 

casts  of  monthly  temperature  and  precipitation  anomalies  extending  up 
to  six  months  in  advance.  I  have  found,  somewhat  to  my  surprise,  that 
7  statistically  significant  positive  skill  scores  have  been  achieved.  These 
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positive  verifications  definitely  are  not  due  merely  to  forecasting  per-  ( 
sistence  or  climatology.  Here,  the  skill  score  is  the  fraction  of  the  way  f 
towards  a  perfect  score  achieved  by  the  forecast.  Thus,  zero  score  | 
indicates  no  more  skill  than  would  be  expected  by  chance,  while  a  score  [ 
of  one  represents  perfect  agreement  between  observed  and  forecast  month-  ) 
ly  anomalies.  Values  of  0.25  and  higher  were  consistently  achieved. 

Many  of  you  undoubtedly  have  seen  graphs  describing  the  decay  of  I 
daily  forecast  skill  scores  with  the  number  of  days  in  advance  that  the  ’ 
forecast  is  made.  According  to  these  graphs,  in  about  one  week  the  skill  j 
drops  to  zero.  This  implies  to  the  uninitiated  that  one  cannot  forecast 
more  than  one  week  in  advance.  However,  this  conclusion  is  not  ap-  * 
plicable  to  forecasting  monthly  means  or  averages.  Here  the  decay  in 
skill  is  of  a  similar  form,  provided  we  substitute  months  for  days  as  time  * 
units.  This  puts  a  somewhat  different  slant  on  the  matter  and  suggests  ^ 
that  even  with  present  crude  methods  one  can  prepare  genuine  forecasts  j 
possessing  considerably  more  information  than  does  pure  climatology. 
However,  it  is  clear  that  they  can  provide  little  of  the  detail  that  we  ex-  ) 
pect  to  find  in  short-range  forecasts.  ^ 

The  foregoing  comments  will  prompt  many  questions  concerning  methods 
of  verifying  forecasts,  as  well  as  methods  for  testing  the  accuracy  of  ' 
objective  techniques.  I  shall  comment  briefly  on  these  matters.  When  a  j 
forecast  technique  is  developed  from,  basically,  a  set  of  historical  data, 
it  should  be  tested  on  another  independent  set;  but  even  with  this  pre¬ 
caution,  we  often  find  that  procedures  that  work  for  20  or  30  years  fail  ) 
thereafter,  due  to  some  fundamental  change  in  climatological  character¬ 
istics.  Some  of  Walker’s  correlations  have  broken  down  in  this  fashion.  > 
On  the  other  hand,  it  appears  that  certain  relationships  hold  up  over  a  > 
long  period  of  time.  Therefore,  the  acid  test  comes  in  verifying  actual 
forecasts,  not  hindcasts.  But  here  we  run  into  trouble  at  the  practical 
level  because  it  takes  so  long  to  accumulate  a  good  sample  of  long-range  ^ 
forecasts.  If,  for  example,  we  are  concerned  with  evaluating  the  success 
of  a  given  technique  in  forecasting  whether  the  temperature  will  be  above  i 
or  below  normal  for  the  following  month  at  a  given  point,  then  it  can  be  - 
shown  by  simple  statistical  considerations  that,  before  a  skill  score  of 
+0.20  could  be  demonstrated  at  the  95  per  cent  level  of  confidence,- it  ^ 
would  be  necessary  to  collect  25  years  of  monthly  forecasts.  This  could,  ' 
of  course,  be  speeded  up  considerably  by  using  a  large  number  of  fore¬ 
cast  points  so  widely  separated  that  they  represented  independent  fore¬ 
casts.  However,  it  does  not  answer  the  question  for  a  specific  point,  and  ^ 
this  is  often  a  matter  of  vital  concern  to  the  forecast  user.  If  the  skill 
score  were  +0.50,  then  the  answer  could  be  achieved  at  a  single  point  in 
about  two  and  one-half  years.  * 

I  have  thus  far  covered  some  of  the  salient  features  of  the  long-range 
weather  forecasting  situation  as  it  appears  to  me,  and  as  I  have  had 
intermittent  contact  with  work  along  these  lines  for  a  number  of  years,  ■' 
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my  experience  enables  me  to  enjoy  some  perspective  in  this  matter.  From 
this  vantage  point,  it  seems  clear  that  considerable  improvement  of 
techniques  is  needed  before  long-range  forecasts  will  be  able  to  inspire 
a  confidence  even  comparable  to  the  not  excessive  confidence  placed 
in  daily  short-range  forecasts.  I  am  convinced  that  present  techniques 
can  be  astutely  used  to  exceed  the  threshold  value  of  usefulness  for 
many  applications.  However,  it  is  difficult  to  render  a  convincing  demon¬ 
stration  of  this  to  the  scientific  world,  and  to  the  world  in  general,  of 
the  forecast  user. 

Concentrating  on  the  matter  of  developing  long-range  forecasting 
techniques  for  use  in  preparing  usable  forecasts,  what  lines  of  attack 
should  we  pursue  in  order  to  sharpen  our  tools?  It  is  apparent  that,  at 
present,  there  exists  in  meteorology  a  trend  toward  developing  objective 
forecast  methods  as  a  substitute  for  reliance  on  professional  judgment; 
and  while  it  seems  doubtful  that  the  human  brain  will  be  supplanted  for 
a  good  many  years,  nevertheless,  the  advantages  of  objectivity,  particu¬ 
larly  in  the  field  of  long-range  weather  forecasting,  is  apparent.  Within 
this  realm  we  are  at  present  faced  with  two  definite  philosophies,  one  of 
which  I  shall  call  the  statistical  approach;  the  other  I  shall  call  the 
physical  approach.  In  the  purely  statistical  approach,  we  concern  our¬ 
selves  with  a  statistical  ensemble  which,  we  presume,  behaves  in  ac¬ 
cordance  with  a  certain  statistical  model.  On  this  basis,  prediction 
methods  such  as  those  of  communication  theory  can  be  applied.  When 
the  mathematics  of  this  approach  are  boiled  down  to  a  tractable  form, 
the  feasible  techniques  consist  essentially  of  prediction  by  regression 
equations,  usually  linear,  wherein  the  independent  variables  are  con¬ 
temporaneous,  and  past  values  of  various  meteorological  parameters  are 
spaced  over  some  sort  of  three-dimensional  or  two-dimensional  network. 

It  is  interesting  that  the  most  methodical  technique  in  the  physical 
category,  namely,  numerical  prediction,  now  applied  only  to  short-range 
forecasting,  ends  up  with  essentially  the  same  sort  of  framework.  Basic¬ 
ally,  it  is  assumed  that  the  atmospheric  processes  follow  those  pre¬ 
scribed  by  a  mathematically  expressed  theoretical  model  rather  than  a 
statistical  model.  In  certain  simple  barotropic  models,  an  influence 
function  is  used  whose  coefficients  are  similar  to  those  of  a  linear  re¬ 
gression.  On  the  other  hand,  more  complex  models  would  compare  only 
with  nonlinear  regression  equations. 

In  the  statistical  model,  the  error  is  presumed  to  be  an  unavoidable 
noise,  whereas,  from  the  physical  viewpoint,  the  error  can  be  attributed 
to  terms  left  out  of  the  mathematical  model,  errors  of  measurement,  and 
errors  of  computation.  When  such  errors  are  small,  the  enormously  dif¬ 
ficult  task  of  sorting  out  the  noise  from  the  message  is  much  more 
easily  accomplished  by  use  of  the  physical  method.  On  the  other  hand, 
where  the  physical  model  is  poorly  understood  or  poorly  defined,  due  to 
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lack  of  basic  synoptic  data,  then  it  seems  likely  that  the  statistical  ap¬ 
proach  would  provide  a  more  realistic  technique. 

In  actual  practice,  usable  objective  techniques  consist  of  a  combina¬ 
tion  of  the  two  approaches.  Numerical  prediction  methods,  for  example, 
carry  the  short-range  forecast  through  prognostic  charts  of  pressure 
height,  but,  from  here  on,  the  statistical  approach  may  be  used  to  predict  | 
the  actual  weather  elements  appearing  in  the  forecast  issued  to  the  fore-  ^ 
cast  user.  There  are  purists  who  feel  that  no  forecasts  should  be  issued 
until  such  time  as  our  knowledge  is  sufficient  to  perfect  physical  tech-  j 
niques  and  issue  forecasts  in  fully  deterministic  form,  but  this  stand  is  j 
rather  unrealistic.  It  seems  pertinent,  therefore,  to  remark  that,  at 
present,  forecasts  should  be  issued  in  probabilistic  form,  since  that  is  ^ 
the  only  way  we  can  now  prepare  them.  The  forecast  user  is  less  likely  , 
to  be  misled  into  using  such  a  forecast  in  unwarranted  fashion. 

There  are  many  aspects  of  the  long-range  forecast  problem  that  can  i 
and  should  be  attacked,  both  from  the  statistical  and  from  the  physical  ■ 
viewpoints.  The  most  effective  combination  should  be  used,  and  it  will 
vary  with  the  case.  Availability  of  data,  adequacy  of  theory,  and  the  I 
complexity  of  the  physical  process  involved  (computing  problem)  are  all  \ 
factors  governing  the  character  of  the  combination. 


I  suggest  that,  in  order  to  approach  the  development  of  long-range  ' 
weather  forecasting  techniques,  it  is  necessary  to  carry  on  investigations 
along  the  following  broad  lines:  ^ 

(1)  Exploration  should  be  made  of  time-lag  mechanisms  within  the 
earth’s  atmospheric  system,  such  as  those  involved  in  the  interaction  \ 
between  ocean  currents,  ocean  temperatures,  oceanic  ice  distribution,  , 
and  the  atmospheric  circulation.  This  involves  various  time-lag  mecha¬ 
nisms  involving  the  radiative  properties  of  the  earth’s  surface  and  the  > 
atmosphere.  Also,  time-lag  effects  resulting  from  the  inertia  of  sluggish  ^ 
atmospheric  circulation  systems  should  be  investigated. 

(2)  Exploration  should  be  made  of  mechanisms  whereby  variable  ex-  . 
traterrestrial  bombardment  of  the  atmosphere  by  particles  or  electro-  > 
magnetic  waves  atfect  the  atmospheric  circulation. 

Note.  A  comment  made  concerning  the  verifications  mentioned  above  reflects  | 
a  general  tendency  to  question  the  strict  objectivity  and  representativeness  of  j 
tests  of  long-range  forecast  methods  made  by  others.  Such  reservations  dis¬ 
courage  enthusiastic  investigation  of  methods  but,  on  the  other  hand,  they  are 
necessary  in  view  of  the  existence  of  many  pitfalls  in  such  investigations. 

It  is  my  opinion  that  much  of  the  difficulty  could  be  surmounted  if  some  dis-  ^ 
interested  group,  such  as  an  American  Meteorological  Society  Committee,  were 
to  invite  submission  to  them  of  long-range  forecasts  by  any  persons  desiring  to 
exhibit  the  skill  of  their  own  methods  in  competition  with  that  of  others  and  with 
forecasts  based  upon  climatology,  persistence,  and  random  guess.  Forecasts  ^ 
would  be  made  by  mail  in  advance  of  a  series  of  deadlines.  The  forecasts  should 
be  simple  in  form,  perhaps  expressed  in  categories  of  above-and-below  normal 
morthly  temperature  and  precipitation.  In  order  to  obtain  an  adequate  sample, 

2  years  of  monthly  forecasts  at  10  widely  scattered  stations  in  the  United  States  ' 
should  be  sufficient.— R.D.E.  f 
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'  V.THE  CENTRAL  ROLE  OF  THE  HEIGHT  ANOMALY  IN  THE 
[  OUTLOOK  FOR  LONG-RANGE  WEATHER  FORECASTING 

I  By  William  H.  Klein 

I 

'  Extended  Forecast  Section,  United  States  Weather  Bureau,  Washington,  D.  C. 

1 

I  The  Index,  the  Planetary  Wave,  and  the  Jet  Stream 

j  The  method  of  long-range  forecasting  currently  practiced  by  the  Ex¬ 
tended  Forecast  Section  of  the  United  States  Weather  Bureau  was  de- 
veloped  at  the  Massachusetts  Institute  of  Technology,  Cambridge,  Mass., 

I  in  the  late  1930’s.  Although  the  fundamentals  of  this  method  have  re- 
I  mained  essentially  unchanged  during  the  past  15  years,  the  method  has 
'  undergone  several  shifts  of  emphasis  that  need  to  be  understood  in  con- 
f  sidering  forecasting  possibilities  for  the  future. 

I  In  the  early  days,  one  of  the  principal  tools  used  in  preparing  five-day 
\  mean  forecasts  was  the  hemispheric  zonal  index.  The  fluctuations  of  this 

f  index  from  high  to  low  values  and  back  again  were  supposed  to  determine 

)  in  large  part  the  location  and  dimensions  of  the  centers  of  action  of  the 

I  atmosphere,  as  well  as  the  weather  anomalies  and  prevailing  storm  tracks. 

I  It  was  soon  realized,  however,  that  this  was  a  vast  oversimplification  of 

^  the  problem;  and  intensive  research  has  revealed  few  consistent  lag  rela- 

'  tionships  among  various  hemispheric  indices^  and  little  relation  between 

i  any  of  them  and  either  weather^  or  circulation. Furthermore,  despite 

I  the  introduction  of  such  concepts  as  blocking,  confluence,  the  index 

I  cycle,  and  momentum  transport,  we  have  been  unable  to  improve  upon 

I  simple  statistical  estimates  in  our  forecasts  of  the  zonal  index.^  As  a 

I  result,  the  index  is  now  used  mainly  to  diagnose  the  larger  aspects  of  the 

circulation  and  as  a  consistency  check.® 

One  of  the  principal  reasons  for  this  state  of  affairs  is  that  observed 
jr  circulations  are  rarely  uniform  within  fixed  latitude  belts  over  an  entire 
'  hemisphere.  Instead,  the  upper  air  circulation  is  usually  organized  along 
^  regional  lines  and  is  composed  of  several  heterogeneous  planetary  waves 
I  embedded  in  a  westerly  current  that  may  contain  one  or  more  meandering 
,  jet  streams.  Since  World  War  II  the  main  effort  of  the  Weather  Bureau’s 
Extended  Forecast  Section  in  both  forecasting  and  research  has  been 
|i  devoted  to  the  location  and  intensity  of  the  troughs  and  ridges  in  these 
i  long  waves,®’®  and  these  phenomena  have  also  been  incorporated  into 
J  the  method  of  weather  types. 

I  The  advantage  of  the  planetary  wave  and  its  accompanying  jet  stream 
'|  over  the  hemispheric  index  is  well  illustrated  by  the  monthly  mean  700-mb. 

-  chart  for  April  1954  (figure  1).  In  the  Pacific,  an  out-of-phase  low 
I  index  circulation  prevailed,  with  a  blocking  ridge  north  of  several  low 


Figure  2.  Mean  700-nib.  contours  for  May  1954.  Note  widespread  circulation  reversal  from  preceding  month  (FIGURE  1). 


(computed  from  FIGURE  2).  Centers  of  fast  and  slow  wind 
iet  stream,  while  dashed  arrow  shows  its  position  during  pre- 
icific  but  southward  in  North  America  and  the  Atlantic. 
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latitude  troughs.  The  resulting  confluence  between  cold  northwesterly 
and  warm  southwesterly  flow  was  associated  with  fast,  flat  westerlies  of 
the  high-index  type  over  North  America  and  the  Atlantic.  A  month  later 
(figure  2),  a  drastic  reversal  occurred.  The  Atlantic  and  North  America 
were  now  dominated  by  a  blocking  low-index  circulation  but,  in  the 
Pacific,  fast  westerlies  appeared  between  a  deep  Aleutian  Low  and  a 
strong  subtropical  High  to  its  south. 

These  changes  are  illustrated  in  terms  of  the  horizontal  wind  field  in 
FIGURE  3,  giving  the  mean  700-mb.  isotachs  computed  from  the  previous 
figure.  The  heavy  arrows  delineate  the  axis  of  maximum  wind  speed  for 
May.  This  700-mb.  jet  stream  was  south  of  its  April  position  (shown  by 
the  dashed  line)  in  the  Atlantic  and  N  orth  America,  but  north  of  it  through¬ 
out  the  Pacific.  Such  sharp  contrasts  between  low  index  in  one  region 
and  high  index  in  an  adjoining  region  should  probably  accompany  any  jet 
stream  in  a  confluence  zone,  downstream  from  an  out-of-phase  pattern  of 
the  long  waves.  The  Rossby-Rex  hypothesis,  stating  that  the  initiation 
of  blocking  requires  a  strong  jet  upstream  from  the  block,  also  implies  a 
regional  differentiation  of  index.  **  Thus  uniform  high-  or  low-index  condi¬ 
tions  around  the  entire  hemisphere  are  seldom  observed,  and  a  single 
hemispheric  index  is  generally  of  little  value. 

The  700-mb.  Height  Anomaly. 

In  recent  years  the  attention  of  long-range  forecasters  has  been  shifting 
to  another  quantity:  the  departure  from  local  normal  of  700-mb.  height. 
This  is  really  an  old  quantity,  since  deviations  of  pressures  from  their 
mean  values  were  drawn  on  the  earliest  weather  maps*^  and  have  been 
widely  used  at  sea  level.  It  becomes  of  increasing  importance  as  the 
period  of  averaging  increases  and  permanent  seasonal  features  tend  to 
dominate  the  circulation.  Departures  are  especially  useful  in  the  upper 
air,  where  normal  height  varies  greatly  in  both  space  and  time,  and  where 
the  circulation  is  usually  in  the  form  of  open  waves  in  a  circumpolar 
current.  The  height  anomaly  readily  converts  these  waves  into  individual 
vortices,  while  simultaneously  removing  the  effect  of  perturbations  forced 
by  the  underlying  topography.  In  so  doing  it  helps  the  synoptician  to 
assimilate  information  about  regional  variations  of  the  index,  the  jet 
stream,  and  the  planetary  wave. 

For  example,  the  annual  mean  700-mb.  map  for  1955  (figure  4)  has  a 
very  flat  flow  pattern,  but  the  dashed-line  height  anoma lies  focus  atten¬ 
tion  upon  several  distinctive  features.  A  full  latitude  trough  extended 
from  the  Canadian  Arctic  to  the  Bahamas,  yet  the  northern  half  of  this 
trough  was  actually  the  center  of  a  strong  positive  anomaly,  while  the 
southern  half  was  dominated  by  below-normal  heights.  The  resulting  low 
index  in  the  Atlantic  is  at  once  apparent. 

An  example  of  a  seasonal  700-mb.  map  for  last  winter  is  given  in 
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FIGURE  5.  The  largest  anomalies  on  this  chart,  +410  feet  centered  in  * 
Davis  Strait  and  +210  feet  in  mid-Pacific,  would  be  difficult  to  anticipate  i 
from  the  contours  alone  since  they  are  located  in  regions  of  relatively  r 
straight  flow  where  neither  trough  nor  ridge  is  present. 

Even  with  a  period  as  short  as  a  month,  the  height  anomalies  frequently 
reveal  important  features  that  the  contours  tend  to  mask.  For  example, 
the  700-mb.  map  for  November  1955  (figure  6)  shows  a  flat  ridge  over 
the  northwest  United  States  and  southwest  Canada.  Yet  this  area  was  y 
occupied  by  a  center  of  large,  negative  height  anomaly,  with  departures  r 


Figure  6.  Mean  700-mb.  contours  (solid  lines)  and  height  departures  from 
normal  (dashed  lines),  both  in  tens  of  feet,  for  month  of  November  1955.  Center 
of  large  negative  height  anomaly  over  Montana,  accompanied  by  record  cold, 
would  be  difficult  to  anticipate  from  the  contours  alone. 
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Figure  7.  Trajectories  of  centers  of  positive  70(Vmb.  height  anomaly  on  12 
monthly  mean  charts  from  December  1954  throu^  November  1955.  Open  circles 
locate  the  center  of  each  anomaly  during  the  month  whose  number  is  given  inside 
the  circle.  The  number  underneath  each  circle  gives  the  intensity  of  the  center 
in  tens  of  feet.  Dashes  indicate  less  certain  continuity. 


actually  exceeding  two  standard  deviations.  These  below-normal  heights 
were  accompanied  by  some  of  the  coldest  weather  on  rdcord  in  much  of 
I  this  area. 

1  A  close  relation  of  this  sort  between  anomalies  of  700-mb.  height  and 
r  surface  temperature  is  frequently  observed,*  and  methods  have  been 
'  developed  during  the  past  few  years  for  interpreting  the  field  of  height 
departures  in  terms  of  any  weather  element.  ®’ As  a  result,  although 
the  700-mb.  height  anomaly  was  not  mentioned  in  the  literature  of  the 
;  Extended  Forecast  Section  until  1947,^  it  is  now  used  as  one  of  the 

primary  tools  in  forecasting  the  weather  for  both  5-  and  30-day  periods. 
It  is  obtained  as  a  by-product,  however,  of  the  prognostic  700-mb.  con- 
I  tours  which  are  still  prepared  first,  primarily  by  using  the  planetary  wave 

j  concept.  It  is  my  opinion  that  in  the  future  this  first  step  will  be  elimi- 

}  nated  and,  instead,  the  prognostic  height  anomalies  will  be  predicted 

(  ‘For  example,  see  the  articles  on  the  weather  and  circulation  of  each  month  that  have 

I  been  published  regularly  in  the  Monthly  Weather  Review  since  January,  1950. 
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directly,  at  least  for  periods  of  more  than  a  week.  1  believe  this  will  be 
done  through  a  judicious  combination  of  physical,  kinematic,  and  syn-  j 
optic  techniques.  This  is  feasible  because  the  700-mb.  height  anomaly 
appears  to  be  a  quasi-conservative  property  of  the  general  circulation 
which  exhibits  logical  continuity  and  evolution  and  is  thus  well  suited 
for  dynamic  and  kinematic  computations. 

For  example,  figure  7  gives  the  location  of  the  principal  centers  of 
positive  700-mb.  height  anomaly  on  monthly  mean  charts  during  the  past  t 
year.  In  the  Pacific,  essentially  the  same  center  could  be  followed  for 
12  months,  from  its  position  in  midocean  in  December  1954,  through  a 
series  of  oscillations  in  the  eastern  Pacific  from  January  to  May  1955, 
and  then  irregularly  westward  until  November.  In  the  Atlantic,  three 
separate  centers  traversed  the  area  of  Davis  Strait  during  the  year.  The 
first  could  be  followed  from  December  1954  to  April  1955,  the  second  » 
from  April  to  September,  and  the  third  from  September  to  December.  Many 
other  examples  of  long  period  continuity  of  monthly  mean  anomalies  were 
given  by  C.E.P.  Brooks  in  1926,  using  sea-level  pressure.*® 

An  example  of  continuity  of  shorter  period  700-mb.  anomalies  is  illus- 


Figure  8.  Trajectories  of  two  outstanding  centers  of  positive  700-mb.  height 
anomaly  during  February  1955.  Open  circles  locate  the  center  of  each  anomaly 
on  a  series  of  five-day  mean  charts  computed  twice  weekly.  The  large  upper 
number  is  the  middle  date  of  the  five-day  period,  the  small  lower  number  the 
intensity  of  the  center  in  tens  of  feet. 
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trated  in  figure  8  for  two  outstanding  centers  on  five-day  mean  maps 
from  February  1  to  28,  1955.  The  abrupt  southward  motion  of  the  Atlantic 
center  to  the  Hatteras  region  during  the  second  half  of  the  month  may 
lave  been  a  resonance  effect  of  marked  intensification  and  deceleration 
of  the  Pacific  anomaly  in  the  Gulf  of  Alaska  region  during  the  same 
period.  This  is  indicated  by  figure  9,  which  shows  that  five-day  mean 
700-mb.  heights  during  the  winters  from  1946  to  1952  were  above  ncxmal 
70  per  cent  of  the  time  in  the  southeast  United  States  when  any  axis  of 
positive  anomaly  was  located  at  50®  N.  between  150°  and  160°  W. 
Preparation  of  similar  maps  for  other  parts  of  the  northern  hemisphere  by 
Martin  in  1953*®  demonstrated  the  existence  of  numerous  teleconnections 
of  this  sort  and  provided  the  basis  for  a  rational  method  of  using  the 
height  anomaly  in  long-range  forecasting.  D.  E.  Martin’s  file  of  maps  is 
now  consulted  frequently  by  both  the  5-  and  30-day  forecaster,  and  it 
has  recently  been  used  by  J.  Namias  to  help  explain  hurricane  tracks*^ 
and  drought.  ** 

Another  investigator  who  has  emphasized  the  importance  of  the  700-mb. 
anomaly  is  P.  F.  Clapp.  In  1952  he  developed  a  physical  technique  for 


Figure  9.  Percentage  frequency  of  sign  of  five-day  mean  700-mb.  height 
anomaly  for  all  wintertime  cases  from  1946  to  1952  when  an  axis  of  positive 
anomaly  at  50°  N.  lay  within  the  area  from  150°  to  160°  W.  Passage  through  this 
area  of  the  Pacific  anomaly  center  of  FIGURE  8  accompanied  southwestward 
motion  of  Atlantic  center  into  region  of  70  per  cent  probability  of  positive 
anomaly. 
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predicting  the  motion  of  these  anomalies  based  upon  the  kinematic  !| 
theory  of  vortex  interaction.  In  1955  he  applied  the  barotropic  tendency  \ 
equation  to  a  sample  30-day  mean  700  mb.  map  and  obtained  better  re-  | 
suits  by  using  the  anomalies  of  height  rather  than  the  heights  them-  (  1 

selves.^®  This  may  imply  that  the  former  quantity  is  better  adapted  than  |  j 
the  latter  to  numerical  computation  from  mean  maps,  probably  because  it 
is  more  conservative. 

Of  course,  additional  research  will  have  to  be  done  before  the  height-  i 
anomaly  field  can  be  predicted  directly.  First,  a  historical  file  of  ob-  ^ 
served  anomaly  maps  must  be  computed  and  analyzed.  Such  a  project  is 
currently  underway  in  the  Extended  Forecast  Section.  When  completed,  1 
these  maps  will  be  used  to  refine  and  extend  Martin’s  frequency  charts*®  ^ 
and  to  provide  additional  statistics  on  the  synoptic  climatology  of  height  i 
anomalies.  In  addition,  attempts  will  be  made  to  develop  objective  1 
methods,  such  as  those  used  by  T.  F.  Malone,^*  of  predicting  the  weather  ,  j 
elements  from  the  height  anomalies.  This  work  will  be  facilitated  by  use 
of  high-speed  electronic  computing  machines.  Ultimately  these  computers  1  2 

will  be  used  to  predict  the  height  anomalies  themselves  by  both  dynamical 
and  statistical  techniques.  Meanwhile  it  is  hoped  that  this  paper  will  ^ 
encourage  meteorologists  to  think  in  terms  of  the  height  anomaly  as  one 
of  the  fundamental  entities  for  long  range  forecasting.  , 
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DIVISION  OF  MYCOLOGY 

SEX  AND  CYTOPLASM  IN  THE  FUNGI* 

By  Haig  P.  Papazian 

Department  of  Plant  Science,  Vale  University,  New  Haven,  Conn. 

The  mycologist  who  takes  the  trouble  to  collect  some  horse  dung  and 
place  it  in  a  moist  chamber  will  be  rewarded,  in  a  few  weeks,  by  a  suc¬ 
cession  of  fungal  species. 

The  first  ones  to  appear,  Phycomycetes,  let  their  sexual  spores  fall 
passively  to  the  substrate.  Later,  the  Ascomycetes  characteristically 
discharge  them  with  considerable  ballistic  acumen  to  new  territory.  The 
last  to  appear,  the  Basidiomycetes,  are  the  familiar  mushrooms,  and 
these  majestically  raise  their  spore-bearing  tissues  several  centimeters 
above  the  substrate  and  allow  the  wind  to  carry  their  small  spores  over 
great  distances.  It  may  well  be  that  this  sequence  parallels  that  of  evolu¬ 
tion.  It  is  the  order  in  which  incompatibility  was  discovered,  and  is  the 
order  in  which  they  will  be  considered  here,  at  progressively  greater 
length. 

Since  the  beginning  of  the  century,  when  A.  F.  Blakeslee  (1904)  dis¬ 
covered  incompatibility  in  the  Mucors,  it  has  been  increasingly  realized 
that  the  Cryptogams,  unadorned  by  floristic  apparel,  for  that  same  reason 
allow  their  intimate  cytoplasmic  mechanisms  to  be  more  nakedly  revealed 
to  the  well-equipped  investigator. 

Blakeslee’s  discovery  was  that  morphological  advantages  are  unneces¬ 
sary  for  the  sexual  process.  Visually  identical  Mucor  plants  can  be 
placed  in  two  groups  distinguished  by  their  ability  to  produce  fertile 
zygospores  together.  Perhaps  one’s  first  thought  on  such  a  phenomenon 
would  be  that  the  two  strains,  +  and  -,  each  produce  a  different  but  com¬ 
plementary  substance,  both  of  which  are  necessary  for  the  formation  of 
zygospores,  or,  to  borrow  a  model  proposed  for  the  flowering  plant 
Forsyihia,  complementary  inhibitors  and  inhibitor-destroying  enzymes 
might  be  acceptable.  One  must  accept,  following  the  work  of  H.  Burgeff 
(1924)  and,  more  recently,  that  of  G.  H.  Banbury  (1955),  that  two  or  more 
specific  diffusible  substances  are  excreted  from  each  strain.  These 
control  the  differentiation  and  tropic  movements  of  the  specialized  hyphae 
that,  after  contact,  will  produce  the  zygospore.  Put  these  components 
together  at  any  time  and  the  machine  should  run.  However,  it  does  not  do 
so.  There  are  three  ways,  beside  the  normal,  in  which  the  components 
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*This  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Division  |  Pi 
on  January  27,  1956. 

Unpublished  work  on  Coprinua  reported  here  was  supported  by  Grant  No.  1031  from  ^ 
the  National  Science  Foundation,  Washington,  D.  C.  i 
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can  be  put  together.  A  spore  occasionally  coirtains  two  nuclei,  one  +  and 
-.A  zygospore  containing  both  +  and  -  nuclei  occasionally  germinates  to 
produce  a  mycelium  instead  of  a  sporangium.  And  last,  but  most  elegant, 
Butgeff  squeezed  the  nuclei  and  cytoplasm  of  a  +  hypha  into  a  -  hypha 
and  mixed  them  together  thoroughly.  The  resulting  mycelium  in  each  of 
these  three  cases  was  neutral;  it  did  not  react  with  either  +  or  -  strains. 
It  produced  few  or  no  zygospores,  and  its  vegetative  growth  was  stunted. 
We  can  still  think  in  terms  of  complementary  +  and  -  substances,  but  the 
time  of  action  of  these  substances  must  be  all-important.  First,  the  dif¬ 
fusible  substances  or  hormones  induce  the  differentiation  and  contact  of 
the  gametangia,  and  only  later  are  the  factors  that  allow  plasmogamy, 
karyogamy,  and  subsequent  differentiation  effective.  When  nuclei  of  the 
two  types  lie  in  the  same  cytoplasm  before  the  hormones  have  completed 
their  action  separately,  the  hormones  are  ineffective  or  are  not  produced. 

The  evidence  in  the  Mucorales  for  complementary  hormones  is  good. 
The  evidence  for  more  intimate  factors  is  more  tenuous,  but  pertinent 
phenomena  from  the  work  of  Blakeslee,  Burgeff,  and  others,  can  be  men¬ 
tioned.  One  is  the  production  of  azygospores  where  the  hormones  pre¬ 
sumably  act  normally,  since  gametangia  are  differentiated  and  these 
contact  each  other,  but  further  development  is  abortive  and  each  game- 
tangium  separately  develops  into  a  kind  of  morphological  zygote.  The 
other  is  the  behavior  of  interspecific  and  intergeneric  matings.  Here 
again  the  hormones  are  effective  (showing,  incidentally,  that  they  are 
not  highly  specific),  but  karyogamy  and  further  development  does  not 
take  place. 

In  these  two  instances  the  hormones  appear  to  function  normally,  but 
some  other,  more  intimate  factor,  normally  active  after  contact,  is  defi¬ 
cient.  The  sexual  process  in  the  other  two  groups  of  fungi  provides  more 
information  as  to  the  nature  of  these  intimate  factors. 

One  striking  rule  that  applies  to  the  Mucorales  is  that  while  the  homo- 
thallic  species  are  often  heterogamous,  the  morphology  of  the  two  game¬ 
tangia  being  quite  unlike,  the  heterothallic  species  are  always  isogamous. 
The  Ascomycetes  (e.g.,  Ascobolus  magnificus)  on  the  other  hand,  have 
learned  to  be  heterogamous  and  heterothallic. 

Heterothallism  was  first  discovered  in  the  Ascomycetes  by  C.  W. 
Edgerton  in  1914.  But  interest  from  a  genetic  point  of  view  developed 
only  in  the  second  nuarter  of  this  century,  following  the  work  of  B.  0. 
Dodge,  C.  C.  Lindegren,  and  others  on  the  Neurosporas. 

There  is  a  vast  literature  on  the  cytology  of  the  Ascomycetes  dating 
back  to  the  last  century,  but  this  makes  frustrating  reading  in  which 
tenacious  contradictions  assume  the  aspect  of  political  debates.  A  good 
summing  up,  such  as  a  judge  might  make  to  his  jury,  is  provided  by 
P.  Martens  (1946),  who  marshalls  the  gr.eat  protagonists  by  nationality. 

Hormones  that  induce  the  formation  or  tropic  growth  of  sex  organs  have 
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been  demonstrated  in  only  one  instance  (Zickler,  1953),  but  many  cases' 
are  known  in  which  the  formation  of  sex  organs  is  dependent  upon  the 
proximity  of  mycelia  of  complementary  mating  types.  True  morphological 
heterothallism,  as  L.  S.  Olive  (1953)  has  pointed  out,  is,  in  fact,  ex¬ 
tremely  rare  among  fungi  generally. 

There  is,  however,  better  evidence  in  the  Ascomycetes  for  the  more 
intimate  intracellular  factors.  A  part  of  the  female  sexual  apparatus  is 
the  trichogyne.  When  a  microconidium  of  Neurospora  sitophila,  for  example, 
comes  into  contact  with  a  trichogyne  of  complementary  mating  type,  cell 
walls  are  disintegrated,  and  the  male  nucleus,  with  little  or  no  cytoplasm, 
passes  into  it.  The  male  nucleus  then  migrates  down  the  trichogyne  to 
the  odgonium,  passing  on  its  way  the  trichogyne’s  own  nucleus  or  nuclei. 
These  nuclei  all  lie  in  the  same  cytoplasm  yet  they  behave  differently. 
For  them  to  be  thus  distinguished  they  must  have  a  different  phenotype. 
This  nuclear  phenotype  may  be  controlled  in  two  ways;  it  may  be  deter¬ 
mined  by  the  mating-type  genes,  or  it  may  be  determined  by  the  process 
of  differentiation  in  the  microconidium  on  the  one  hand,  and  in  the 
trichogyne  on  the  other.  The  test  would  be  to  inject  a  nucleus  from  a 
microconidium  into  a  trichogyne  of  the  same  mating  type.  This  has  not 
been  done,  but  the  converse  has  been  reported  by  B.  O.  Dodge  (1935).  A 
trichogyne  in  contact  with  a  trichogyne  of  complementary  mating  type  will 
provide  a  nucleus  that  migrates.  This  would  indicate  that  the  mating- 
type  genes  of  the  nucleus  determine  its  own  phenotype.  In  the  case  of 
homothallic  species  where  nuclei  migrate  differentially,  nuclear  pheno¬ 
type  must  be  determined  by  the  differentiation  of  the  sex  organ;  it  is 
difficult  from  the  literature  to  know  if  any  such  exist. 

When  the  nuclei  of  both  mating  types  are  in  the  oSgonium,  progressive 
changes  occur  either  in  the  nuclei  or  in  the  cytoplasm,  causing  their 
original  nearly  random  distribution  and  division  to  give  way  to  a  rigid 
pairing  of  nuclei  or  complementary  mating  type  with  synchronous  division 
and  cross-wall  formation  in  the  later  ascogenous  hyphae.  Finally,  nuclear 
fusion  of  pairs  occurs  in  the  ascus.  After  meiosis,  nuclei  of  complementary 
mating  types  stand  apart.  Repulsion  has  replaced  attraction,  and  the 
cycle  repeats.  In  the  vegetative  cells  of  the  mycelium,  nuclei  of  opposite 
mating  types  are  not  welcome,  and  although  such  het'_-rokaryons  can  be 
grown,  they  have  to  be  forced  by  special  techniques.  Alice  Aronescu  (1933) 
inoculated  84  U-tubes  with  a  -i-  and  a  -  strain  of  Neurospora  sitophila, 
and  although  one  or  the  other  strain  grew  around  to  the  other  arm,  both 
strains  never  did  so. 

The  cycle  of  varying  capacity  to  cohabit  on  the  part  of  nuclei  of  com¬ 
plementary  mating  types  is  completely  altered  in  secondary  homothallic 
species,  and  in  Neurospora  tetrasperma  the  difference  is  due  to  a  single 
gene.  When  both  nuclei  have  the  tetrasperma  allele  at  this  locus,  the 
whole  vegetative  mycelium  behaves  like  early  ascogenous  hyphae,  and 
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nuclei  of  complementary  mating  types  live  in  symbiotic  relationship  from 
j  the  ascospore  on  through  the  complete  cycle.  The  vegetative  mycelial 
stage  has  been  obliterated,  and  the  ascogenous  stage  enormously  magnified. 

In  the  Basidiomycetes  there  are  no  sex  organs,  and  nuclei  of  comple¬ 
mentary  mating  type  can  cohabit  at  all  times  in  a  manner  resembling  the 
later  stage  of  ascogenous  hyphae. 

Heterothallism  in  Basidiomycetes  was  discovered  independently  in 
Germany  by  H,  Kniep  and  in  France  by  Mathilda  Bensaude  while  these 
two  nations  were  fighting  World  War  I.  Communication  between  scientists 
of  the  two  countries  was,  as  Bensaude  asserts,  illegal  under  “trading 
with  the  enemy”  laws.  Independent  discovery  has  rarely  been  so  well 
established. 

Bensaude  had  good  fortune;  she  isolated  only  ten  single  spores.  Of 
these,  six  failed  to  germinate  and  two  mycelia  were  lost.  This  left  her 
with  two  strains,  one  of  which  produced  oidia.  Grown  alone,  these  two 
strains  were  devoid  of  clamp-connections  and  did  not  fruit.  When  grown 
together,  they  produced  a  mycelium  that  had  clamps  and  fruited. 

This  lucky  result  was  the  more  unlikely  because  spores  from  a  Coprinus 
ta^opus  fruit,  as  of  most  Basidiomycetes,  are  of  four  different  mating 
types.  Bensaude  was  playing  “two  to  one  against.”  Two  out  of  every 
three  competent  investigators  who  might  repeat  this  classical  experiment 
would  conclude,  erroneously,  that  C.  lagopus  was  homothallic.  Bensaude 
was  lucky  also,  I  believe,  in  having  one  oidial  and  one  nonoidial  strain. 

I  have  found  that  C.  lagopus  mycelia  vary  greatly  in  oidial  production, 
and  complementary  matings  between  smaller  oidial  and  larger  nonoidial 
strains  are  distinguished  by  the  rapidity  and  regularity  of  clamp  forma¬ 
tion.  Oidial  production  in  C.  lagopus  is  variable,  but  one  clear-cut  single¬ 
gene  ultraviolet  mutant  controlling  abundant  oidial  production  has  been 
obtained. 

No  hormones  concerned  with  sexuality  have  been  demonstrated  in  the 
Basidiomycetes.  Experiments  with  membranes  and  with  extracts  using 
mycelia  of  Schizophyllum  and  of  C.  lagopus  have  not  shown  any  influ¬ 
ence  on  growth  rate  or  hyphal  morphology.  The  very  low  percentage  of 
germination  of  oidia,  often  about  0.1  per  cent,  in  conjunction  with  the 
ease  with  which  these  facultative  male  gametes  have  been  seen  germi¬ 
nating  when  in  proximity  of  a  hypha  of  complementary  mating  type, 
suggests  a  specific  substance  promoting  oidial  germination.  In  repeated 
experiments  to  demonstrate  such  a  substance  with  C.  lagopus,  I  obtained 
negative  results. 

Four  features  distinguish  the  higher  Basidiomycetes  from  the  other 
two  groups  of  fungi,  as  follows: 

Instead  of  two  complementary  mating  types,  there  are  a  hundred  or 
more.  In  tetrapolar  species,  where  there  are  two  series  of  factors,  the  A 
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and  the  B,  there  are  about  10,000.  Sexual  reproduction  is  nevertheless  *  m« 
biparental,  and  the  zygote  is  diploid,  so  only  two  different  factors  get  is 
into  and  out  of  a  fruit  of  a  bipolar  species,  and  only  two  factors  in  each '  ce 
of  the  two  series,  providing  four  different  mating  types,  can  be  obtained  '  ne 
from  a  fruit  of  a  tetrapolar  species.  Anyone  with  experience  in  sexing  |  ha 
chicks,  where  but  two  alternatives  are  to  be  distinguished,  will  appreciate  i  mj 
that  there  must  be  some  special  form  of  specificity  for  a  mycelium  to  dis-  in 
tinguish  among  10,000  alternatives,  and  so  rarely  make  a  mistake.  The  i  19 
concept  of  complementary  deficiencies  of  a  nutritional  nature  is  not  easy  ^  be 
to  visualize.  Genetic  control  of  mating  type,  at  least  in  Schizophyllum,  j  L( 
is  by  two  or  more  rather  closely  linked  loci  such  that  a  different  allele  '  1) 
at  any  one  locus  determines  a  different  factor  (Papazian,  1951).  I 

The  second  distinguishing  feature  of  Basidiomycetes  is  the  strict  i  1  I 
interspecific  and  even  intervarietal  sterility.  One  interesting  case  of  a  i  be 
triangular  situation  in  which  two  intersterile  varieties  were  both  fertile  ar 
with  a  third  has  been  reported  (Kuhner,  Romagnesi,  and  Yen,  1947)  but,  , 
unfortunately,  the  cultures  concerned  are  no  longer  available  for  study.  i  nc 
It  would  be  of  great  interest  to  know  whether  this  high  sterility  between, ^  1 
populations  were  due  to  a  different  set  of  100  factors  or  to  some  over-  b( 
riding  factor  controlled  at  a  different  locus  or  locus  complex.  Whether,  »  ni 
in  other  words,  the  fertility  of  similarity  and  infertility  of  difference  ci 
exemplified  by  interspecific  matings  is  due  to  the  same  factors  that  fs 
cause  the  converse  in  intertype  matings  within  a  species.  |  pi 

The  third  characteristic  of  Basidiomycetes  is  that  they  are  cellular ' 
organisms  made  up  of  cells  having  normally  a  regular  number  of  nuclei ' 
per  cell,  one  in  a  monokaryon  and  two  in  a  dikaryon.  ^ 

The  last  distinguishing  feature  is  that  basidiospores  are  exogenous.  ^ 
This  morphological  separation  of  nuclei  is  timely  in  Basidiomycetes 
because  physiological  cohabitation  is  favored  throughout  the  whole  life  ’ 
cycle.  It  is,  however,  ineffective  in  secondary  homothallic  species. 

The  first  stage  in  the  sexual  process  is  hyphal  fusion  and  plasmogamy. 

It  is  very  unlikely  that  incompatibility  is  effective  at  this  stage.  Hyphal  | 
fusions  occur  in  most  species  irrespective  of  mating  type.  This  is  also  ^ 
true  in  some  cases  of  sterile  interspecific  crosses  for  in  Trametes  odorata  ^  , 

X  T.  Americana  (Robak,  1942)  and  Naucoria  (Agrocybe)  semiorhiculath  * 

X  Annelaria  separata  (Routien,  1940),  hyphal  fusions  and,  in  the  latter  ^ 
example,  clamp-connections  are  present.  ^ 

The  incompatibility  reaction  must  therefore  occur  after  the  two  nuclei 
are  in  common  cytoplasm.  This  reaction  then  acts  as  a  trigger  to  set  off, 
in  due  course,  the  development  of  a  fruiting  body.  The  trigger  may  act, 
however,  at  various  stages  of  the  process.  In  Polyporus  borealis  (Robak, 
1932)  it  acts  at  the  end,  at  spore  production.  Mycelia  from  single  spores 
often  fruit,  but  these  fruiting  bodies  are  invariably  sterile.  | 

The  next  stage  is  the  dikaryon.  This  is  apparently  not  developed  im-  ^ 


THE  NEW  YORK  ACADEMY  OF  SCIENCES  393 

mediately.  A  period  of  irregularity  occurs  before  the  stable  dikaryon  cell 
is  established,  reminiscent  of  the  early  ascogenous  hyphae  in  Ascomy- 
cetes.  It  is  probably  not  an  essential  condition,  certainly  clamp-con¬ 
nections  are  not,  for  in  several  compatible  matings  with  C.  lagopus  I 
have  obtained  normal  fruiting  bodies  but  no  clamp-connections  in  the 
mycelium.  Interest  centers  on  the  migration  and  multiplication  of  nuclei 
in  common  cytoplasm,  and  recent  work  with  Schizophyllum  (Papazian, 
1950,  1951)  and  Coprinus  (Papazian,  unpublished)  has  characterized  this 
behavior  under  several  special  conditions.  Following  the  example  of 
Lewis  (1954),  some  of  these  will  be  presented  diagrammatically  (figure 
1). 

(1)  Nuclei  from  mycelia  of  similar  mating  type  do  not  normally  migrate. 

I  have  found  this  the  case  with  a  mutant  for  one  of  the  strains.  Where 
both  strains  are  different  biochemical  mutants,  it  may  not  apply  (Raper 
and  San  Antonio,  1954). 

(2)  In  Schizophyllum  most  morphological  mutants  will  donate  but  will 
not  accept  a  nucleus  of  compatible  mating  type  (figure  la).  In  Coprinus 
I  have  found  this  property  in  morphologically  normal  cultures  that  have 
been  grown  in  the  vegetative  monokaryotic  state  for  long  periods.  The 
nuclei  of  both  strains  are  able  to  cohabit  in  the  cytoplasm  of  the  ac¬ 
ceptor  but  not  in  that  of  the  donor.  This  means  that  the  differentiating 
factor  must  be  cytoplasmic,  that  the  donor  strain  has  a  deficient  cyto¬ 
plasmic  phenotype.  This  phenomena  of  “unilateral  diploidization’’  was 
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Figure  l.  Migration  of  nuclei  in  various  situations. 
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first  reported  in  the  Gastromycetes  (Brodie,  1948;  Fulton,  1950)  where, 
it  must  be  admitted,  the  details  are  quite  different. 

(3)  In  matings  of  Schizophyllum,  where  the  factors  of  the  A  series  ate 
similar  (incompatible)  and  those  of  the  B  series  different  (compatible),  a 
distinctive  mycelium  is  produced  that  is,  at  least  in  parts,  heterokaryotic 
(figure  lb).  When  subcultured  from  large  inocula,  it  remains  constant, 
but  when  subcultured  from  very  small  inocula  or  single  hyphae,  it  grows 
into  a  monokaryon  of  one  or  the  other  component  types.  This  indicates  | 
that  hyphae  several  cells  long  must  be  very  often  monokaryotic. 

The  interesting  feature  of  these  “flat”  (Papazian,  1950)  or  “heini- 
compatible-a”  (Raper  and  San  Antonio,  1954)  mycelia  is  that  they  also 
donate  but  will  not  accept  nuclei  from  strains  compatible  with  either  of  i 
their  components  (figure  lb).  If  many  of  their  cells  have  but  one  kind  l 
of  nucleus,  and  a  normal  one  as  regards  capacity  to  accept,  the  inability  1 
of  these  cells  to  accept  a  nucleus  must  again  be  due  to  the  cytoplasmic  [ 
phenotype.  In  this  instance  it  is  not  directly  controlled  by  the  genotype  | 
of  the  cell’s  nucleus,  but  must  be  determined  by  previous  history,  by  the 
fact  that  a  few  cell  generations  back  it  harbored  two  nuclei  of  hemicom-  ' 
patible  mating  types.  j 

(4)  In  di-mon  matings  the  two  nuclei  of  the  dikaryon  often  migrate  into 
the  monokaryon,  but  it  is  unlikely  that  the  converse  takes  place  (figure 
Ic). 

(5)  In  Coprinus,  matings  between  mycelia  with  compatible  factors  in 
one  series  but  not  in  the  other  do  not  produce  anything  resembling  the 
“flat”  mycelia  of  Schizophyllum  but  often  produce  a  dikaryon  that  forms  | 
fertile  fruiting  bodies.  The  mating  types  of  spores  from  such  fruits  are  i 
unexpected.  One  might  expect  them  to  be  of  only  two  types  since,  ap-  f 
parently,  only  two  types  entered  the  fruit.  They  turn  out  to  be  of  four  ' 
types,  as  in  a  wild  fruiting-body  (such  a  result  has  been  reported  also  by  > 
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H.  Brunswik,  1924).  An  example  is  given  in  table  1.  Monokaryotic 
raycelia  A*B*  and  A*B’  originating  from  two  different  wild  fruiting-bodies 
were  crossed.  A  tetrad  of  spores  T60  was  isolated,  and  the  four  resulting 
'  mycelia  mated  with  various  tester  strains  to  establish  their  mating  types. 

1  At  the  first  mating,  but  not  in  matings  made  two  weeks  later,  there  were 
two  illegitimate  dikaryons.  One  of  these,  T60*  x  T60\  gave  rise  to  a 
fertile  fruit  from  which  tetrad  T88  was  isolated  and  proved  to  be  a  tetra- 
type  tetrad.  Thus  a  fruit  from  A’B’  +A*B*  produced  spores  having  the  factor 
A*.  This  could  have  arisen  by  mutation,  but  since,  among  100  or  so  alter¬ 
natives,  A’  happens  to  be  the  factor  in  a  grandparent  of  the  mycelium  con¬ 
cerned  (A’B*).  it  is  more  likely  that  one  of  the  strains,  probably  T60*, 
was  dipoloid  at  this  locus  and  that  the  A’  factor  was  carried  together 
with  A*  (figure  Id).  The  whole  nucleus  could  not  have  been  diploid, 
for  in  that  case  it  should  have  formed  a  dikaryon  with  a  mycelium  of  any 
type.  The  fact  that  the  extra  factor  A’  was  lost  after  some  vegetative 
growth  indicates  that  the  A*  gene  or  genes  were  carried  somewhat  loosely. 

Our  original  model  of  complementary  deficiencies  or  of  inhibitors  and 
anti-inhibitors  would  have  to  be  stretched  to  the  breaking  point  to  ac¬ 
commodate  these  Basidiomycete  phenomena.  Even  if  we  think  in  terms  of 
complementarity  of  large  molecules,  as  in  antigen-antibody  reactions, 
satisfaction  is  far  from  perfect.  First  there  is  the  fact  that  both  cyto¬ 
plasm  and  nucleus  are  involved  phenotypically.  It  is  not  merely  an  attrac¬ 
tion  or  repulsion  of  nuclei.  Again,  as  Lewis  has  pointed  out,  there  are 
inconsistencies  when  we  think  in  terms  of  attraction  or  replusion  for,  in 
FIGURE  lb,  a  nucleus  does  not  migrate  into  a  “flat"  mycelium  that 
contains  both  a  compatible  and  a  noncompatible  factor  in  the  A  series 
but,  in  FIGURE  Ic,  both  nuclei  migrate  when  there  are  both  compatible 
and  noncompatible  nuclei  at  both  the  A  and  B  series. 

Comparisons  have  often  been  made  between  incompatibility  in  Basidio- 
mycetes  and  in  the  flowering  plants.  In  both  cases,  large  molecule  com¬ 
plementarity  appears  to  be  involved.  Indeed,  specific  rabbit  antibodies 
to  incompatibility  types  have  been  well  demonstrated  in  flowering  plants 
(Lewis,  1954)  and  erratically  obtained  in  Schizophyllum  (Papazian,  1954). 
The  comparison  cannot  be  pushed  further,  however,  for  in  one  case  the 
phenomena  are  extracellular— growth  or  no  growth  of  a  pollen  tube;  in  the 
other,  intracellular,  migration,  or  nonmigration  of  nuclei.  If  we  think  of 
what  may  be  controlled  in  these  intracellular  phenomena,  one  item  ap¬ 
pears  constantly  involved.  This  is  the  nucleocytoplasmic  ratio;  whether 
the  volume  of  cytoplasm  in  a  hyphal  cell  will  support  one  or  two  nuclei. 

The  cellular  theory  is,  after  all,  one  of  the  oldest  and  most  fundamental 
biological  laws;  most  plants  and  animals  are  made  of  cells  with  one  and 
only  one  nucleus.  What  happens  when  another  nucleus  gets  in  was  seen 
by  Bensaude.  When  a  nucleus  from  an  incompatible  strain  gets  into  a 
monokaryon,  it  is  lysed.  The  dikaryon  has  a  two  to  one  equilibrium  ratio 
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and  again,  in  hyphal  fusions  between  dikaryons  and  monokaryons,  Ben- 
saude  found  that  either  the  monokaryon  nucleus  or  both  the  dikaryon 
nuclei  were  lysed.  In  hyphal  fusions  between  two  dikaryons,  she  found 
two  nuclei  were  constantly  lysed.  In  flat  mycelia  (e.g.,  +  A‘B*)one 

or  another  component  nuclei  may  be  continuously  undergoing  lysis  and 
continuously  reintroduced  by  hyphal  fusion.  This  would  account  for  the 
fact  that  most  cells  have  nuclei  of  only  one  type.  This  lysis  reaction, 
'  once  set  up,  may  persist  in  the  cytoplasm  throughout  several  cell  gener¬ 
ations,  and  these  cells  would  thus  be  donors  but  not  acceptors  (figure 
lb).  In  the  example  figure  Ic  the  dikaryon  would  consistently  lyse  a 
third  nucleus,  but  the  two  dikaryon  nuclei  entering  the  monokaryon  would 
lyse  one  nucleus,  often  the  monokaryon  nucleus,  and  thus  invade  the 
monokaryon  mycelium.  In  the  situation  shown  in  figure  Id,  where ^there 
are  also  compatible  and  incompatible  factors  but  this  time  contained  in 
the  same  nucleus,  the  nucleocytoplasmic  ratio  can  support  both  incom¬ 
patibility  factors  in  the  same  cell.  Finally,  if  very  large  cells,  hair  cells, 
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i 
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Figure  2.  Hyphae  growing  out  of  a  cystidial  cell.  f 

and  cystidia  in  C.  lagopus  are  placed  singly  on  nutrient  agar,  mono-  ^ 
karyotic  hyphae  grow  out.  In  the  case  of  cystidia,  hyphae  of  the  two 
component  types  can  grow  out  of  each  end  of  a  single  cystidial  cell  | 
(figure  2).  The  extra-large  cell  volume  has  upset  the  stable  dikaryon  1 
ratio.  i 
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CONFERENCE  HELD 


SECTION  OF  BIOLOGY 


CALCIUM  AND  PHOSPHOROUS  METABOLISM  IN  MAN  AND  ANIMALS 
WITH  SPECIAL  REFERENCE  TO  PREGNANCY  AND  LACTATION 


Tuesday,  January  10  and 
Wednesday,  January  11,  1956 


Conference  Chairman:  Franklin  C.  McLean 
The  University  of  Chicago,  Chicago,  Ill. 

TUESDAY,  JANUARY  10,  1956 
SESSION  / 

CALCIUM  BALANCE  AND  TURNOVER  STUDIES 

Session  Chairman:  John  H.  Rust 
The  University  of  Chicago,  Chicago,  Ill. 

9:00  A.M.- 

Greetings  from  the  Academy  —  Hilary  Koprowski,  Chairman,  Section  of 
Biology,  New  York  Academy  of  Sciences,  New  York  City;  Lederle  Labo¬ 
ratories  Division,  American  Cyanamid  Company,  Pearl  River,  N.  Y. 

“Radiocalcium  Studies  in  Pregnancy  and  Lactation”  —  C.  L.  Comar, 
Medical  Division,  Oak  Ridge  Institute  of  Nuclear  Studies,  Oak  Ridge, 
Tenn. 

“Calcium  and  Phosphorous  Transfer  in  Intact  Dairy  Cows”  —  Max 
Kleiber,  College  of  Agriculture,  University  of  California,  Davis,  Cal. 

“The  Effect  of  Emotions  on  the  Storage  of  Calcium  and  Phosphorous  in 
Human  Pregnancy”  —  Genevieve  Stearns,  State  University  of  Iowa,  Iowa 
City,  Iowa. 

“Calcium  Metabolism  of  Normal  Human  Subjects  Studied  with  Radio¬ 
calcium”  —  Felix  Bronner,  The  Hospital  of  the  Rockefeller  Institute  for 
Medical  Research,  New  York,  N.  Y. 

SESSION  II 

PARATHYROID  HORMONE 

Session  Chairman:  John  D.  Crawford 
Harvard  Medical  School,  Massachusetts  General  Hospital, 
Boston,  Mass. 
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12:00  P.M.  - 

"Studies  on  the  Maintenance  of  Serum  Calcium  Level  by  Parathyroid 
Action  on  Bone”  —  Roy  V.  Talmage,  The  Rice  Institute,  Houston,  Texas. 

I  “The  Influence  of  the  Parathyroids  on  the  Calcium  Concentration  of  the 

Milk”  -  Paul  L.  Munson  and  Svein  U.  Toverud,  Harvard  School  of 

f  Dental  Medicine,  Boston,  Mass. 

N  I 

^  CALCIUM  COMPLEXING  AGENTS 

I  Session  Chairman:  Allan  M.  Butler 

I  Harvard  Medical  School,  Massachusetts  General  Hospital, 

I  Boston,  Mass. 

I 

'■  "Calcium  Complexes  as  Tracers  for  Study  of  Renal  Calcium  Metabolism” 

’  -  Martin  Rubin,  Chemo-Medical  Research  Institute,  Georgetown  Uni- 
I  versity,  Washington,  D.C. 

I  “The  Suppression  of  Urinary  Calcium  and  Magnesium  by  Oral  Sodium 
'  Phytate”  —  Philip  H.  Henneman,  Harvard  Medical  School,  Massachusetts 
^  General  Hospital,  Boston,  Mass. 


j  SESSION  III 

I  Session  Chairman:  Franklin  C.  McLean 

of  j  The  University  of  Chicago,  Chicago,  Ill. 

(0-  , 

I  8:00  P.M.- 

\  "Osteomalacia  in  North  China:  Its  Relationship  to  Pregnancy  and 
I  Lactation”  —  I.  Snapper,  Beth-EI  Hospital,  Brooklyn,  N.  Y. 
e,  ^ 

)  SESSION  IV 

j  WEDNESDAY,  JANUARY  11,  1956 

I  PROBLEMS  OF  PARTURIENT  PARESIS  IN  DAIRY  COWS 

'  Session  Chairman:  John  E.  Martin 

'  Veterinary  University  of  Pennsylvania  School  of  Medicine, 

j  Philadelphia,  Pa. 

i  9:00  A.M.- 

“Prepartal  and  Postpartal  Calcium  Balances  of  Calcium  and  Other 
;  Organic  Constituents  as  Related  to  Parturient  Paresis  in  Dairy  Cows”  — 
j  Gerald  M.  Ward,  Colorado  Agricultural  and  Mechanical  College,  Fort 
j  Collins,  Colo. 

I  “Studies  on  Parturient  Paresis  in  Cattle”  —  H.  H.  Cole  and  J.  M.  Boda, 

I  College  of  Agriculture,  University  of  California,  Davis,  Cal.  •• 
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“Effect  of  Parturient  Paresis  (Milk  Fever)  and  the  Oral  Administration  of 
Large  Prepartum  Doses  of  Vitamin  D  on  Blood  Calcium  and  Phosphorous 
in  Dairy  Cattle”  —  J.  W.  Hibbs  and  W.  D.  Pounden,  Ohio  Agricultural 
Experiment  Station,  Wooster,  Ohio. 

“Calcium  Excretion  and  Blood  Calcium  Levels  in  the  Bovine  Near  the 
Time  of  Parturition”  —  T.  H.  Blosser,  College  of  Agriculture,  State 
College  of  Washington,  Pullman,  Wash. 


SESSION  V 

SPECIAL  ASPECTS  OF  CALCIUM  METABOLISM 

Session  Chairman:  Roy  0.  Creep 
Harvard  School  of  Dental  Medicine,  Boston,  Mass. 

2:00  P.M.- 

“Disorders  of  Calcium  and  Phosphorous  Metabolism  of  Domestic  Animals 
in  South  Africa”  —  W.  D.  Malherbe,  Dept,  of  Medicine,  Faculty  of 
Veterinary  Science,  Onderstepoort,  South  Africa. 

“Idiopathic  Familial  Osteoporosis  in  Dogs  —  ‘Osteogenesis  Imperfecta,”'  ' 
Evan  Calkins,  David  Kahn  and  Wilma  Canada,  Harvard  Medical  School, 
Boston,  Mass. 

“Influence  of  Vitamin  D  on  Serum  Calcium  and  Inorganic  Phosphate  in 
the  Neonatal  Period”  —  Joseph  Pincus,  Isaac  Gittleman,  and  Albert  E.  [ 
Sobel,  The  Jewish  Hospital  of  Brooklyn,  Brooklyn,  N.  Y. 

“Osteogenetic  Properties  of  Estrogenic  Hormones”  —  Ann  M.  Budy, 
The  University  of  Chicago,  Chicago,  Ill. 

“Clinical  Features  of  Spontaneous  Hypoparathyroidism  in  Children”  - 
Gilbert  S.  Forbes,  University  of  Rochester,  Rochester,  N.  Y. 


“Studies  on  Parathyroid  Extract  in  Normal  Subjects  and  a  Patient  with 
Pseudohypoparathyroidism”  —  Philip  L.  Calcagno,  School  of  Medicine, 
University  of  Buffalo,  Buffalo,  N.  Y. 
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Casstevens,  John  C.,  M.D.,  Medicine,  Surgery.  Owner,  Administrator,  Casstevens 
Hospital,  Winston-Salem,  N.C. 
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Barrett,  William  W.,  M.D,,  Psychiatry.  Resident,  Psychiatry,  Veterans  Hospital, 
Fort  Douglas,  Utah. 

Best,  Andrew  A.,  M.D.,  Internal  Medicine.  Private  Practice,  Greenville,  N.C. 

Bollinger,  H.J.,  M.D.,  Internal  Medicine.  Physician  in  Charge,  Chevrolet  Divi¬ 
sion,  General  Motors,  Toledo,  Ohio. 

Qien,  Chao  Jen,  M.D.,  Psychiatry.  Director,  Marshall  Sanitarium,  Troy,  N.Y. 

Climo,  Henry  J,,  M.D.,  Psychiatry.  Neuropsychiatrist,  Atlanta,  Ga. 

Connors,  Raymond  J.,  M.D.,  Medicine.  Proctologist,  St.  Anne’s  Hospital,  Fall 
River,  Mass. 

Ellis,  Ving,  M.D.,  Psychiatry.  Private  Practice,  Walnut  Creek,  Calif. 

Fahey,  Charlotte  Wieghard,  Ph.D.,  Chemistry.  Professor,  Skidmore  College, 
Saratoga  Springs,  N.Y. 

Joseph,  Cheney  Cleveland,  M.D.,  Medical  Sciences.  Physician,  The  Baton  Rouge 
Clinic,  Baton  Rouge,  La. 

Newsom,  Francis  C.,  M.D.,  Psychotherapy.  Private  Practice,  Psychiatry,  Wichita, 
Kans. 

Sootkoos,  Alphonse  C.,  R.N.,  Nursings  Director,  Nursing,  Lafayette  Clinic, 
Detroit,  Mich. 

Thuss,  William  Getz,  Jr.,  M.D,,  Industrial  Medicine.  Birmingham,  Ala. 

Van  Loon,  Edward  J.,  Ph.D.,  Biochemistry.  Development  Group  Leader,  Bio¬ 
chemistry  Section,  Smith,  Kline  and  French  Laboratories,  Philadelphia,  Pa. 

ACTIVE  MEMBERSHIP 


Ainger,  Lorin  E.,  M.D.,  Biology,  United  States  Air  Force,  Seattle,  Wash. 

Ainis,  Herman,  M.S.,  Immunology.  Research  Assistant,  University  of  Southern 
California,  Los  Angeles,  Calif. 

Alden,  Roland  Herrick,  Ph.D.,  Mammalian  Development  and  Reproduction. 
Professor,  Anatomy,  University  of  Tennessee,  Memphis,  Tenn. 

Allgower,  Martin,  M.D.,  Shock,  Wound  Healing.  Department,  Surgery,  University 
of  Basel,  Basel,  Switzerland. 

Ane,  Joseph  N.,  M.D.,  Medicine.  Professor,  Medicine.  Head,  Division,  Radi¬ 
ology,  Tulane  University,  New  Orleans,  La. 

Arma^an,  Veronica,  D.Sc.,  Cancer  Research.  Assistant  Professor,  Research, 
University  of  Miami,  Coral  Gables,  Fla. 

Ashe,  Barbara  S.,  M.D.,  Medicine.  Instructor,  Pediatrics,  Cornell  Medical  Col¬ 
lege,  New  York  Hospital,  New  York,  N.Y. 

Ashley,  Franklin  L.,  M.D.,  Plastic  Surgery.  Assistant  Professor,  Surgery,  Uni¬ 
versity  of  California,  Los  Angeles,  Calif. 

Baber,  Erl  A.,  M.D.,  Biology.  Superintendent,  Longview  Hospital,  Cincinnati, 
Ohio. 

Bacastow,  Merle  S.,  B.S.  Med.,  Medicine.  Private  Practice.  Worcester,  Mass. 

Baer,  Hans,  M.D.,  Cardiology.  Resident,  Medicine,  Mercy  Hospital,  Denver,  Colo. 

Bagdon,  Robert  Edward,  Ph.D.,  Toxicology.  Pharmacologist,  Central  Medical 
Department,  American  Cyanamid  Company,  Stamford,  Conn. 

Bailey,  Albert  Wright,  M.D.,  Anatomical  Pathology.  Instructor,  Pathology, 
Medical  College  of  Georgia,  Augusta,  Ga. 

Baird,  H.  M.,  M.D.,  Internal  Medicine.  Chief,  Staff,  Newport  Hospital,  Newport, 
Ark. 
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Bakke,  John  L.,  M.D.,  Medicine.  Assistant,  Chief,  Medicine,  Veterans  Admin¬ 
istration  Hospital,  Seattle,  Wash. 

Ballantyne,  Alando  Jones,  M.D.,  Medicine.  Assistant  Surgeon,  University  of 
Texas,  Houston,  Texas. 

Banta,  James  E.,  M.D.,  Epidemiology.  Research  Staff,  Department,  Virology, 
Naval  Medical  Research  Institute,  Bethesda,  Md. 

Barsa,  Mary  C.,  Ph.D.,  Insect  Physiology.  Research  Associate,  Department, 
Biology,  Fordham  University,  New  York,  N.Y. 

Bauer,  William  H.,  M.D.,  Pathology.  Professor,  Pathology,  St.  Louis  University, 
St.  Louis,  Mo. 

Baumler,  Robert  A.,  M.D.,  Internal  Medicine.  Resident,  Medicine,  New  England 
Center  Hospital,  Boston,  Mass. 

Bavetta,  Lucien  A.,  Ph.D.,  Nutrition.  Professor,  Biochemistry,  University  of 
Southern  California,  Los  Angeles,  Calif. 

Becker,  Elmer  L.,M.D.,  Immunochemistry.  Chief,  Department,  Immuno chemistry, 
Walter  Reed  Army  Medical  Center,  Washington,  D.C. 

Bell,  Robert  Lloyd,  M.D.,  Biology,  Medicine.  Instructor,  Neurosurgery,  State 
University  of  New  York,  Brooklyn,  N.Y. 

Belt,  Elmer,  M.D.,  Urology.  Private  Practice,  Los  Angeles,  Calif. 

Benforado,  Joseph  M.,  M.D.,  Pharmacology.  Harvard  Medical  School,  Boston,  Mass 

Bennison,  B.  E.,  M.D.,  Clinical  Research.  Chief,  Clinical  Research  Physician, 
Esso  Research  and  Engineering  Company,  Linden,  N.J. 

Benson,  Jerrel  W.,  M.D.,  General  Surgery.  Assistant  Resident,  Surgery,  Uni¬ 
versity  Hospitals  of  Cleveland,  Cleveland,  Ohio. 

Benton,  Charles  R.,  M.D.,  Medicine.  Private  Practice,  Pensacola,  Fla. 

Berberian,  Georges,  M.D.,  Hibernation,  Cancer,  Surgical  Resident,  Maumet 
Valley  Hospital,  Toledo,  Ohio. 

Berg,  Leonard,  M.D.,  Medicine.  Instructor,  Clinical  Neurology,  Washington  Uni¬ 
versity,  St.  Louis,  Mo. 

Berg,  Paul,  Ph.D,,  Biochemistry.  Assistant  Professor,  Microbiology,  Washing¬ 
ton  University,  St.  Louis,  Mo. 

Bering,  Edgar  Andrew,  M.D,,  Neurosurgery.  Director,  Neurosurgical  Research 
Laboratory,  Children's  Medical  Center,  Boston,  Mass. 


Bemabe,  Rafael,  M.D.,  Ophthalmology.  Private  Practice,  San  Juan,  Puerto 


Rico. 


Bharadwaj,  Tej  Prakash,  M.D.,  Pathology.  Assistant  Professor,  Pathology, 
Topiwala  National  Medical  College,  Bombay,  India. 

Bifulco,  Eugene,  M.D.,  Medicine.  Private  Practice,  Hempstead,  N.Y. 

Biggs,  Max  William,  M.D.,  Medical  Physics,  Physician,  University  of  California, 
Radiation  Laboratory,  Livermore,  Calif. 

Binder,  Lee  Stevens,  M.D.,  Physiology.  Senior  Resident,  Anesthesiology, 
Kings  County  Hospital,  Brooklyn,  N.Y. 

Bingham,  W.  George,  Jr.,  M.D.,  Neurosurgery.  Resident,  Neurosurgery,  Walter 
Reed  Army  Hospital,  Washington,  D.C. 

Bjomesjo,  Karl  Birger  Y.,  M.D.,  Clinical  Chemistry.  Chief,  Central  Labora¬ 
tory,  Central  Hospital  of  Karlstad,  Karlstad,  Sweden. 

Black,  Francis  Lee,  Ph.D.,  Virology.  Research  Assistant,  Yale  University, 
New  Haven,  Cona 

Blashy,  Manfred  R.  M.,  M.D.,  Orthokinetics.  Chief,  Physical  Medicine,  Vet¬ 
erans  Administration  Hospital,  Buffalo,  N.Y. 

Blayney,  E.  Bruce,  M.D.,  Medicine,  Biology.  Private  Practice,  High  River, 
Alberta,  Canada. 

Blinick,  George,  M.D.,  Gynecology.  Attending  Obstetrician,  Gynecologist, 
Beth  Israel  Hospital,  New  York,  N.Y. 

Blohm,  Thomas  R.,  Ph.D.,  Atherosclerosis.  Head,  Biochemistry,  Wm.  S.  Merrell 
Company,  Cincinnati,  Ohio. 

Bloomberg,  Benjamin  Mendel,  M.D.,  Metabolism.  Clinical  Pathologist,  Uni¬ 
versity  of  the  Witwatersrand,  Johannesburg,  South  Africa. 

Blum,  Isador,  M.D.,  Biology.  Private  Practice,  Elizabeth,  N.J. 

Boatman,  Joseph  B,,  Ph.D.,  Physiology.  Assistant  Director,  Addison  H.  Gibson 
Laboratory,  University  of  Pittsburgh,  Pittsburgh,  Pa. 
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Bobear,  John  B.,  M.D.,  Internal  Medicine.  Resident,  Medicine,  Charity  Hospi¬ 
tal,  New  Orleans,  La. 
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[  Bodin,  Milton,  M.  E.E.,  Physics,  Electronics.  Instructor,  Electrical  Engineering, 
of  )  Newark  College  of  Engineering,  Newark,  N.J. 

(  Bond,  Douglas  D.,  M.D.,  Psychiatry.  Director,  Psychiatry,  University  Hospitals 
’Ey,  I  of  Cleveland,  Cleveland,  Ohio. 

I  Bonham,  Dwight  T.,  M.D.,  Biology.  Private  Practice,  Garden  City,  N.Y. 

Borg,  Donald  C.,  M.D.,  Basic  Medical  Research.  Research  Associate,  Medical 
Department,  Brookhaven  National  Laboratory,  Upton,  N.Y. 

“Ill  Borodkin,  Howard  D,,  M. D.,  Internal  Medicine,  Resident,  Internal  Medicine, 
Hahnemann  Hospital,  Philadelphia,  Pa. 

snd  ^  Borson,  Harry,  M.D.,  Internal  Medicine.  Assistant  Clinical  Professor,  Medicine, 
(  University  of  California,  Berkeley,  Calif, 
off  Boyd,  Elizabeth  Margaret,  Ph.D.,  Parasitology.  Associate  Professor,  Zoology, 
!  Mt.  Holyoke  College,  South  Ha^ey,  Mass. 

'y,  I  Bradasch,  George  A.,  M.D.,  Surgery.  Assistant  Attending  Surgeon,  St.  Mary’s 
I  Hospital,  Hoboken,  N.J. 

«te .  Brandly,  Carl  Alfred,  D.V.M.,  Virology.  Professor,  Veterinary  Science,  Uni¬ 
versity  of  Wisconsin,  Madison,  Wis. 

1  Brandt,  Wilbur  Lockwood,  M.A.,  Cardiopulmonary  Physiology.  Professor,  Physi- 
ss,  I  ology.  College  of  Osteopathic  Physicians  and  Surgeons,  Los  Angeles,  Calif. 
Braunstein,  John  R.,  M.D.,  Cardiovascular  Physiology.  Associate  Professor, 
^  Biophysics,  University  of  Cincinnati,  Cincinnati,  Ohio, 
li’ 1  Brent,  Frank  D.,  M.D.,  Biology.  Industrial  Medical  Officer,  Montreal,  P.Q., 
Canada. 

Bressler,  David  M.,  M.D.,  Psychoanalysis.  Psychiatrist,  New  York,  N.Y. 

)  Bridges,  Robert  A.,  M.D.,  Pediatrics.  Medical  Fellow,  Pediatrics,  University 
'  of  Minnesota  Hospitals,  Minneapolis,  Minn, 
ai*  )  Briscoe,  Madison  S.,  Ph.D.,  Medical  Entomology.  Associate  Professor,  Howard 
t  University,  Washington,  D.C. 

If  I  Brodman,  Keeve,  M.D.,  Biology.  Private  Practice,  New  York,  N.Y. 

I  Brodsky,  William  A.,  M.D.,  Water  and  Electrolyte  Metabolism.  Associate  Pro¬ 
'll'  I  fessor.  Pediatrics,  University  of  Louisville,  Louisville,  Ky. 

I'  Brown,  Robert  V.,  Ph.D.,  Pharmacology.  Pharmacologist,  Medical  Laboratories, 
Army  Chemical  Center,  Md. 

Brunner-Ome,  Martha,  M.D.,  Psychiatry.  Superintendent,  Westwood  Lodge  Inc., 
y,  ^  Westwood,  Mass. 

'  Buchi,  George  H.,  D.Sc.,  Natural  Products.  Assistant  Professor,  Massachusetts 
^  Institute  of  Technology,  Cambridge,  Mass, 

;  Buckwalter,  Joseph  A.,  M.D.,  Clinical  Surgical  Research.  Assistant  Professor, 

!  Surgery,  State  University  of  Iowa,  Iowa  City,  Iowa, 
i  Bunnell,  Wals  W.,  M,D.,  Medicine.  Private  Practice,  Farmington,  Conn. 

'  Buttermilch,  Eva,  M.D.,  Pathology.  Instructor,  Histology,  University  of  Litoral, 
^  I  Rosario,  Argentina. 

Butzel,  Henry  M.,  Jr.,  Ph.D.,  Cytogenetics.  Assistant  Professor,  Biology, 
j  Union  College,  Schenectady,  N.Y. 

)  Caffin,  Frank  H.,  D.O.,  Psychiatry.  Private  Practice,  Bevier,  Mo. 

'  ^  Cammermeyer,  Jan,  M.D.,  Normal  Neuropathology.  Visiting  Scientist,  Chief, 
Sectional  Experimental  Neuropathology,  National  Institutes  of  Health, 

'  Bethesda,  Md. 

Cannon,  Jack  A.,  M.D.,  Skin  and  Organ  Transplantation.  Assistant  Professor, 

I  Surgery,  University  of  California  Medical  School,  Los  Angeles,  Calif. 

Cannon-Bernfield,  Helen,  M.D.,  Diseases,  Chest.  Chief,  Chest  Clinic,  Veterans 
'  j  Administration  Center,  Jackson,  Miss. 

,  Cantow,  Lawrence  Albert,  M.D.,  Psychiatry.  Private  Practice,  Detroit,  Mich. 
I  Carll,  Walter  T.,  D.V, M.,  Pathology.  Research  Pathologist,  Atomic  Energy  Com- 
)  mission.  Oak  Ridge,  Tenn. 

Carlson,  Eric  T.,  M.D.,  Psychiatry.  Instructor,  Psychiatry,  Cornell  University, 
New  Vork,  N.Y. 

Carrigan  Edward  P.,  M.B.,  Ch.B.,  Aviation  Medicine.  Senior  Medical  Officer, 

I  Royal  Canadian  Air  Force  Station,  Portage  La  Prairie,  Manitoba,  Canada, 
j  Carruthers,  Ewen  P.,  M.D.,  Internal  Medicine.  Private  Practice,  Kelowna,  B.C., 
[  Canada 
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Carter,  Bettina  B.,  Ph.D.,  Immunology.  Assistant  Professor,  Biology,  Wester. 

Michigan  College,  Kalamazoo,  Mich. 

Chamings,  Arthur  R.  G.,  Phar.  B.,  Pharmaceutics.  Manager,  CIBA  Laboratories i  gstai 
Ltd,,  Horsham,  Sussex,  England.  ' 

Chapin,  Frederick  J.,  M.D.,  Children.  Private  Practice,  Bay  City,  Mich.  ! 

Christensen,  Wm.  Rozelle,  M.D.,  Clinical  Radiology.  Professor,  Head,  Depart- j 
ment.  Radiology,  University  of  Utah,  Salt  Lake  City,  Utah.  j 

Cleveland,  Edward  Milton  D.,  Ph.D.,  Bacteriology.  Bacteriologist,  Deer  Lodge' 
Hospital,  Winnipeg,  Manitoba,  Canada.  i 

Conard,  Robert  A.,  M.D.,  Medical  Research.  Senior  Scientist,  Brookhavec 
National  Laboratory,  Upton,  N.Y.  ^ 

Coopersmith,  Richard  C.,  M.D.,  Psychiatry.  Psychiatrist,  Wright-Patterson  AFE, f 
Ohio.  I 

Cortese,  Thomas  A.,  M.D.,  Medicine.  Nuclear  Physics.  Director,  Cortese  Clinic, [ 
Indianapolis,  Inch  ^ 

Cotton,  Avery  Lon,  M.D.,  Endocrinology.  Department,  Clinical  Investigation,  I 
Medical  Division,  The  Upjohn  Company,  Kalamazoo,  Mich.  I 

Counts,  Robert  M.,  M.D.,  Psychiatry.  Psychiatrist,  Worcester  Youth  Guidance 
Clinic,  Worcester,  Mass.  I 

Coutu,  Lucien  L.,  M.D.,  Internal  Medicine.  Teaching  Fellow,  Hotel  Diw,  f 
Montreal,  P.Q.,  Canada.  ; 

Cowen,  Joseph  Robert,  M.D.,  Psychiatry.  Chief,  Convalescent,  Outpatient 
Service,  Spring  Grove  State  Hospital,  Caronsville,  Md. 

Crick,  Francis  Harry  Compton,  Ph.D.,  Biomolecular  Structure.  Scientific  Staff,  I 
British  Medical  Research  Council,  Cambridge,  England.  l 

Crosson,  J.  William,  M.D.,  Clinical  Research.  Assistant  Director,  Division  of' 
Clinical  Research,  G.D.  Searle  and  Company,  Chicago,  Ill. 

Daikos,  George  K.,  M.D.,  Internal  Medicine.  Lecturer,  Medicine,  Medical  School,  ' 
Athens  University,  Athens,  Greece.  j 

Davidson,  Murray,  M.D.,  Pediatrics.  Instructor,  New  York  Hospital,  Cornell; 

University  Medical  Center,  New  York,  N.Y.  ' 

Denouette,  Rene  Edy,  Applied  Electricity.  Director  of  Studies,  National  School) 
of  Radio  Technology,  Paris,  France.  j 

De  Rohan  Barondes,  Arthur,  M.S.,  Radar.  Navigator,  Radar  Operator,  Unitedl 
States  Air  Force,  Ellington,  Texas.  ' 

De  Rohan  Barondes,  Earl,  M.E.,  Nautical  Engineering.  Assistant  Superintendent,, 
Submarine  Construction,  Portsmouth  Naval  Yard,  Portsmouth,  N.H.  f 

De  Salegui,  Miriam,  M.S.,  Biochemistry,  Research  Assistant,  University  of  j 
Wisconsin,  Madison,  Wis. 

Drell,  William,  Ph.D.,  Biochemistry.  Investigator,  American  Heart  Association,  j 
Veterans  Administration  Center,  Los  Angeles,  Calif.  1 

Dykman,  Ross,  Ph.D.,  Psychology,  Biology.  Associate  Professor,  Psychology, 
University  of  Arkansas,  Little  Rock,  Ark.  I 

Ehrenfeld,  Irving,  M.D.,  Medicine.  Director,  Medicine,  Passaic  General  Hospital,^ 
Passaic,  N.J.  | 

Ehrenhaft,  Johann  L.,  M.D,,  General  Surgery.  Professor,  Surgery,  Chairman, 
Division  Thoracic  Surgery,  University  Hospitals,  Iowa  City,  Iowa. 

Eichner,  Eduard,  M.D.,  Medicine.  Associate  Obstetrician,  Mt.  Sinai  Hospital, 
Cleveland,  Ohio. 

Eichwald,  Eric,  M.S.,  Chemistry.  Chief,  Chemist,  Arrow  Laboratories,  Darby 
Food  Corporation,  New  York,  N.Y. 

Eisner,  Thomas,  Ph.D.,  Cytology.  Research  FtTlow,  Harvard  University,  Boston, 
Mass. 

Eken,  Elizabeth  B.,  M.D.,  Neurology,  Psychiatry.  Private  Practice,  Morristown, 

N.J. 

Englesberg,  Ellis,  Ph.D.,  Microbiology.  Bacteriologist,  Long  Island  Biological 
Association,  Cold  Spring  Harbor,  N.Y. 

Entner,  Nathan,  Ph.D.,  Comparative  Biochemistry.  Assistant  Professor,  New 
York  University,  New  York,  N.Y. 

Epstein,  Jeanne  A.,  M.D.,  Flndocrinology.  Fellow,  Department,  Therapeutics, 

New  York  University  College  of  Medicine,  New  York,  N.Y. 
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Esen,  Fatma  Munire,  M.D.,  Mental  Deficiency.  Pathologist,  Wrentham  State 
School,  Wrentham,  Mass. 

Estala,  Luis  A.,  B.A.,  Virus  Research.  Research  Assistant,  Virus  Research 
Laboratory,  Pitman  Moore  Company,  Indianapolis,  Ind. 

Fagan,  Frank  J.,  Jr.,  M.D.,  Psychology.  Private  Practice,  Garden  City,  N.Y, 

Feinstein,  LS.,  M.D.,  Viral  Diseases.  Chief,  Outpatient,  Medicine,  Bronx 
Hospital,  New  York,  N.Y. 

Fessler,  Laci,  M.D.,  Biology.  Visiting  Professor,  Political,  Social  Science, 
New  School,  New  York,  N.Y. 

Fetter,  Bernard  F.,  M.D.,  Pathology.  Assistant  Professor,  Pathology,  Duke 
Hospital,  Medical  School,  Durham,  N.C. 

Fox,  Renee  C.,  Ph.D.,  Sociology.  Research  Associate,  Bureau  of  Applied 
Social  Research,  Columbia  University,  New  York,  N.Y. 

Farair,  Wayne  Franklin,  M.A,  Zoology.  Instructor,  Biology,  The  King’s  College, 
Briarcliff  Manor,  N.Y. 

Fudenberg,  H.  Hugh,  M.D.,  Hematology.  Director,  Blood  Bank,  New  England 
Center  Hospital,  Boston,  Mass. 

Gail,  Irving  A.,  M.D.,  Psychiatry.  Private  Practice,  Lexington,  Ky. 

Ganley,  Oswald  H.,  Ph.D.,  Immunology.  Research  Associate,  Sharp  and  Dohme 
Division,  Merck  and  Company,  Inc.,  West  Point,  Pa. 

Georgiade,  Nicholas,  M.D.,  Plastic  Surgery.  Assistant  Professor,  Plastic 
Surgery,  Duke  University  Hospital,  Durham,  N.C. 

Gianluigi,  Gualandi,  Veterinary  Medicine.  Assistant,  Institut  Zoopro,  Filattico 
of  the  Lombards  Provincies,  Brescia,  Italy. 

Gillette,  Roy,  Ph.D.,  Embryology.  Assistant  Professor,  Histology,  University 
of  Illinois,  Chicago,  Ill. 

Gochenour,  Raymond  B.,  D.V.NL,  Biology.  Chief,  Department,  Biologies  Re¬ 
search,  Walter  Reed  Army  Institute  of  Research,  Washington,  D.C. 

Goldman,  Milton,  M.D.,  Chemistry.  Private  Practice,  Dermatology,  Sherman 
Oaks,  Calif. 

Goldstein,  Sidney,  M.Sc.,  Pharmacology.  Graduate  Student,  Philadelphia,  Pa. 

Good,  Thomas  A,  M.D.,  Pediatrics.  Research  Instructor,  Pediatrics,  University 
of  Utah,  Salt  Lake  City,  Utah. 

Gordon,  Edward  M.,  Ph.D.,  Psychoanalysis.  Private  Practice,  New  York,  N.Y. 

Grand,  Nicholas  George,  D.D.S.,  Pathology.  Assistant  Professor,  St.  Louis 
University,  St.  Louis,  Mo. 

Grant,  Silas  W.,  M.D.,  Cardiology.  Private  Practice,  Whitney,  Texas. 

Greenberg,  Leo,  M.  A,  Bacterial  Metabolism.  Assistant  Professor,  Microbiology, 
Brooklyn  College  of  Pharmacy,  Long  Island  University,  Brooklyn,  N.Y. 

Greulich,  Richard  Curtice,  Ph.D.,  Experimental  Morphology.  Assistant  Professor, 
Anatomy,  University  of  California  Medical  Center,  Los  Angeles,  Calif. 

Grimes,  Perry  T.,  Jr.,  Anesthesiology.  Anesthesiologist,  Rockford,  Ill. 

Gump,  William  S.,  Ph.D.,  Organic  Chemistry.  Research  Associate,  The  Givandan 
Corporation,  Delawanna,  N.J. 

Gutcho,  Sidney  J.,  M.S.,  Biochemistry.  Research  Chemist,  Schwarz  Laboratories 
Inc.,  Mt.  Vernon,  N.Y. 

Gutensohn,  Marjorie  Olwen,  D.O.,  Neurophysiology.  Assistant  Professor,  Anato¬ 
my,  Kirksville  College  of  Osteopathy  and  Surgery,  Kirksville,  Mo. 

Guttmann,  Oskar,  M.D.,  Psychology,  Biology.  Private  Practice,  New  York,  N.Y. 

Haas,  Hans,  Pharmacology.  Chief,  Laboratory,  Pharmacology,  Knoll  AG.,  Lud- 
wigshafen,  Germany. 

Hagans,  James  A,  M.D.,  Internal  Medicine.  Assistant  Professor,  Medicine, 
University  of  Oklahoma,  Oklahoma  City,  Okla. 

Hallesy,  Duane  W.,  B.S.,  Pharmacology.  Graduate  Student,  U.S.  Ar  Force 
Radiation  Laboratory,  Chicago,  Ill, 

Hamilton,  Henry  E.,  M.D.,  Internal  Medicine.  Associate  Professor,  State  Uni¬ 
versity  of  Iowa,  Iowa  City,  Iowa. 

Hanenson,  Irwin  B.,  M.D.,  Cardiovascular- Renal  Physiology.  Research  Associ¬ 
ate,  May  Institute  for  Medical  Research,  Cincinnati,  Ohio. 

Harrington,  Roy  Victor,  Ph.D.,  Inorganic  Chemistry.  Senior  Chemist,  Coming 
Glass  Works,  Coming,  N.Y. 
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Hass,  William  K.,  M.D.,  Neurology.  Resident,  Neurological  Institute,  Presbyteriu 
Medical  Center,  New  York,  N.Y. 

Hausman,  Robert,  M.D.,  Pathologic  Anatomy.  Director,  Laboratories,  Grad; 
Memorial  Hospital,  Atlanta,  Ga. 

Hebald,  Selian,  M.D.,  Internal  Medicine.  Chief,  Allergy.  Hospital  for  Joint 
Diseases,  New  York,  N.Y. 

Hodgson,  George  S.,  M.D.,  Hemoglobin  Synthetics.  Assistant  Professor,  Physio- 
pathology,  University  of  Chile,  Santiago,  Chile. 

Hollway,  Peter  P.,  Ph.D.,  Psychosomatic  Medicine.  Director,  Research.  Sudlet 
and  Hennessey  Inc.,  New  York,  N.Y. 

Horan,  Leo  Gallaspy,  M.D.,  Cardiology.  Instructor,  Medicine.  Tulane  University, 
New  Orleans,  La. 

Hurley,  Kenneth  E.,  B.S.,  Biochemistry.  Research  Scientist,  Biochemical  Insti¬ 
tute,  University  of  Texas,  Austin,  Texas. 

Imboden,  Clarence  A.,  Jr.,  M.D.,  Internal  Medicine.  Clinical  Director,  United 
States  Public  Health  Service  Hospital,  Baltimore,  Md. 

Ingram,  Walter  R.,  Ph.D.,  Experimental  Neurology.  Professor,  Head,  Department, 
Anatomy,  State  University  of  Iowa,  Iowa  City,  Iowa. 

Israels,  S.,  M.D.,  Biology.  Private  Practice,  Winnipeg,  Manitoba,  Canada. 

Izant,  Robert  J.,  Jr.,  M.D.,  Pediatric  Surgery.  Assistant  Professor,  Surgery,  The 
Ohio  State  University,  Columbus,  Ohio. 

Jackson,  Blanche  Ellen,  Ph.D.,  Physiology.  Associate  Professor,  Zoology, 
Louisiana  State  University,  Baton  Rouge,  La. 

Jaimovich,  Leon,  M.D.,  Mycology.  Chief  Resident,  Department,  Dermatology, 
Bellevue  Hospital,  New  York,  N.Y. 

Javitt,  Norman  B.,  M.D.,  Renal  Physiology.  United  States  Army,  New  York,  N.Y. 

Jacobson,  Michael  L,  B.A.,  Medicine.  Medical  Student,  New  York  University, 
New  York,  N.Y. 

Jim,  Robert  T.  S.,  M.D.,  Hematology.  Research  Fellow,  Washington  University, 
Barnes  Hospital,  St.  Louis,  Mo. 

John,  Mary,  Ph.D.,  Physical  Chemistry.  Associate  Professor,  Chairman,  Depart¬ 
ment,  Chemistry,  Emmanuel  College,  Boston,  Mass. 

Johnson,  Delmer  E.,  M.D.,  Medicine,  Geology.  Private  Practice,  Alamosa,  Cola 

Johnson,  Irving  S.,  Ph.D.,  Tissue  Culture,  Cancer.  Bacteriologist,  Lilly  R^ 
search  Laboratories,  Indianapolis,  Ind. 

Johnson,  Ralph  A.,  M.D.,  Cardiology.  Private  Practice,  Detroit,  Mich. 

Johnston,  Frances  A.,  Ph.D.,  Nutrition.  Professor,  New  York  State  College  of 
Home  Economics,  Cornell  University,  Ithaca,  N.Y. 

Johnston,  Franklin  Davis,  M.D.,  Cardiology.  Professor,  Internal  Medicine,  Uni¬ 
versity  of  Michigan,  Ann  Arbor,  Mich. 

Jones,  Daniel  V.,  M.D.,  Pediatrics.  Instructor,  Department,  Pediatrics,  Uni¬ 
versity  of  Cincinnati,  Cincinnati,  Ohio. 

Jones,  Wilfred  F.,  Jr.,  M.D.,  Internal  Medicine.  Research  Fellow,  Thorndike 
Memorial  Laboratory,  Boston  City  Hospital,  Boston,  Mass. 

Jordan,  Kenneth  L.,  M.D.,  Medicine,  Chemistry.  Private  Practice,  Montclair,  N.J. 

Ju,  David  M.C.,  M.D.,  D.Sc.,  Reconstructive  Surgery.  Assistant  Attending  Sur 
geon,  Presbyterian  Hospital,  New  York,  N.Y. 

Jumelle,  Gaston,  M.D.,  Endocrinology.  Gynecologist,  Port  au  Prince,  Haiti, 

Kalett,  Joseph  L.,  M.D.,  Cardiology.  Senior  Attending  Physician,  New  Britain 
General  Hospital,  New  Britain,  Conn. 

Kaminsky,  Aaron  L.,  M.D.,  Internal  Medicine.  Physician,  Wilmington,  Del. 

Karawan,  Abraham,  M.D.,  Cardiology.  McKeesport  Hospital,  McKeesport,  Pa. 

Katz,  Edward,  Ph.D.,  Microbiology.  Assistant  Professor,  Institute  of  Microbi- 
ology,  Rutgers  University,  New  Brunswick,  N.J. 

Kaufman,  Gloria  J.,  M.A.,  History,  Philosophy  of  Science.  Mathematics  In¬ 
structor,  Highland  Manor  School,  West  Long  Branch,  N.J. 

Kefauver,  David  F.,  M.S.,  Microbiology.  Bacteriologist,  Eaton  Laboratories, 
Division  of  the  Norwich  Pharmacal  Company,  Norwich,  N.Y. 

Kizer,  Donald  E.,  Ph.D.,  Cellular  Metabolism.  Research  Physiologist,  Bio¬ 
medical  Division,  The  Samuel  Roberts  Noble  Foundation  Inc.,  Ardmore,  Okie. 

Kluss,  Byron  C.,  M.S.,  Cytology.  Student,  Teacher,  University  of  Iowa,  Iowa 
City,  Iowa. 
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Kowbuz,  Miro,  B.A.,  Chemistry.  Special  Chemist,  Iron  Ore  Company  of  Canada, 
Sept  lies,  P.Q.,  Canada. 

Kraintz,  Leon,  Ph.D.,  Endocrinology.  Instructor,  Department,  Physiology,  Unir 
versity  of  Texas,  Houston,  Texas. 

Lamar,  Carlos  P.,  M.D.,  Metabolism.  Clinical  Assistant,  Professor,  Medicine, 
University  of  Miami  Medical  School,  Coral  Gables,  Fla. 

Leder,  Harold  L.,  M.D.,  Internal  Medicine.  Private  Practice,  New  York,  N.Y. 

Lee,  Raymond,  B.S.,  Bacteriology.  Clinical  Associate,  Wyeth  Laboratories, 
Radnor,  Pa. 

Levine,  Louis  Philip,  Ph.D.,  Cancer.  Research  Work,  Chicago,  Ill. 

Lief,  Florence  S.,  Ph.D.,  Virology.  Assistant  Professor,  Bacteriology,  New  York 
Medical  College,  New  York,  N.Y. 

Logan,  William  B.,  Jr.,  Medicine.  Captain,  United  States  Air  Force,  Victorville, 
Calif. 

Loustalot,  P.,  M.D.,  Experimental  Pathology.  Research  Staff,  CIBA  Ltd.,  Basel, 
Switzerland. 

UcCrea,  Marion  W.,  D.D.S.,  Histology.  Professor,  Histology,  University  of 
Maryland,  Baltimore,  Md. 

McCulloch,  Ernest  Armstrong,  M.D.,  Hematology,  Tissue  Culture.  Clinical 
Teacher,  University  of  Toronto,  Toronto,  Ont.,  Canada. 

McKeon,  William  B.,  Jr.,  M.S.,  Pharmacology.  Research  Associate,  Sterling- 
Winthrop  Research  Institute,  Rensselaer,  N.Y. 

Halsberger,  Richard  G.,  M.S.,  Virology.  Norristown,  Pa. 

Marsh,  Walton  H.,  Ph.D.,  Biochemistry.  Associate  Professor,  State  University  of 
New  York,  Brorfclyn,  N.Y. 

Martin,  Wilfred  S.,  Ma.E.,  Chemical  Engineering.  Director,  Product  Development, 
The  Proctor  and  Gamble  Company,  Cincinnati,  Ohio. 

Mattison,  Berwyn  F.,  M.P.H.,  Health.  Secretary  of  Health,  Pennsylvania  Depart¬ 
ment  of  Health,  Harrisburg,  Pa. 

Maurer,  John  A.,  D.Sc.,  Engineering.  Consultant,  New  York,  N.Y. 

Mendenhall,  Richard  M.,  Ph.D.,  Biochemistry.  Research  Associate,  Food  Sterili¬ 
zation,  Union  College,  Schenectady,  N.Y. 

Meyer,  Andre  S.,  Ph.D.,  Endocrinology.  Sobering  Corporation,  Bloomfield,  N.J. 

Miller,  Kent  D.,  Ph.D.,  Protein  Chemistry.  Research  Scientist,  New  York  State 
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Department  of  Health,  Albany,  N.Y. 

Miller,  Robert  M.,  M.D.,  Pulmonary  Physiology.  Instructor,  Medicine,  Strong 
Memorial  Hospital,  Rochester,  N.Y. 

Molins,  Darwin,  M.T.,  Biochemistry.  Brooklyn  Polytechnic  Institute,  Brooklyn, 
N.Y. 


!  Moore,  Richard  D.,  Ph.D.,  Comparative  Histology.  Assistant  Professor,  Biology, 
Hardin-Simmons  University,  Abilene,  Texas. 

■  Morgenthau,  Joan  Elizabeth,  M.D.,  Pediatrics.  Instructor,  Pediatrics,  Cornell 
Medical  College,  New  York,  N.Y. 

1  Morrison,  Ashton  B.,  Ph.D.,  Pathology.  Associate,  Department  of  Pathology, 
I  Duke  University,  Durham,  N.C. 

^  Mo  sc  on  a,  Aron  A.,  Ph.D,,  Cell  Physiology.  Visiting  Investigator,  Rockefeller 
f  Institute  for  Medical  Research,  New  York,  N.Y. 

J  Myers,  Raymond  R.,  Ph.D.,  Complexes.  Research  Assistant  Professor,  Lehigh 
University,  Bethlehem,  Pa. 

Nadler,  Carl  S.,  Jr.,  M.D.,  Medicine.  Assistant  Professor,  Medicine,  Tulane 
'  University,  New  Orleans,  La. 

'  Nahas,  Gabriel  Georges,  Ph.D.,  Cardiorespiratory  Physiology.  Research  Asso- 
I  date.  University  of  Minnesota,  Minneapolis,  Minn. 

^  Nalebuff,  Donald  Jay,  D.M.D.,  Oral  Medicine.  Medical  Student,  Yale  University, 
J  New  Haven,  Contu 

iNatenshon,  Adolph  L.,M.D.,  Clinical  Evaluation  of  New  Drugs.  Private  Practice, 
Milwaukee,  Wis. 

Nemerof,  Henry,  D.O.,  Clinical  Medicine.  Private  Practice,  Philadelphia,  Pa. 
Nemeth,  Julius,  M.D.,  Biology.  Supervising  Psychiatrist,  Utica  State  Hospital, 
Utica,  N.Y. 

,  Neri,  Rudolph  O.,  B.S.,  Biochemistry.  Associate  Biochemist,  Research  Division, 
I  Sobering  Corporation,  Bloomfield,  N.J. 


408 


TK.WSACTIOXS 


Neumann,  John  Edward,  M.D.,  Internal  Medicine.  Nobles  Clinic,  Paris,  Tenn. 

Newbury,  Constance  L,,  M.D.,  Clinical  Psychiatry.  Assistant  Professor,  Uni¬ 
versity  of  Pittsburgh,  Pittsburgh,  Pa. 

Nichol,  Charles  A.,  Ph.D.,  Chemotherapy.  Assistant  Professor,  Pharmacology, 
Yale  University,  New  Haven,  Conn. 

Nichols,  Pomeroy,  Jr.,  M.D.,  Neurological  Surgery.  Assistant  Clinical  Professor, 
Medical  College  of  Georgia,  Augusta,  Ga. 

Nikishin,  Igor  F.,  M.D.,  Biology.  Instructor,  Surgery,  Aultman  Hospital,  Canton, 
Ohio. 

Nissenbaum,  Gerald,  B.A.,  Biology.  State  University  of  New  York,  Brooklyn, 

N.T. 

Nolan,  Raymond  Paul,  M.D.,  Medicine.  Resident  Physician,  Bellevue  Hospital, 
New  York,  N.Y. 

Noland,  Jerre  L.,  Ph.D.,  Sterol  Metabolism.  Chief  Biochemist,  Veterans  Admin¬ 
istration  Center,  Wood,  Wis. 

Norris,  Arthur  Hughes,  B.A.,  Physiology.  Biologist,  Section  of  Gerontology, 
National  Heart  Institute,  Baltimore,  Md. 

Nothman,  Martin  M.,  M.D.,  Metabolism.  Assistant  Clinical  Professor,  Medicine, 
Tufts  University,  Boston,  Mass. 

Obrant,  Karl  Ola  Ferdinand,  M.D.,  Urology.  University  of  Goteborg,  Goteborg, 
Sweden. 

O’Connor,  John  R.,  Ph.D.,  Biology.  Chief,  Division  of  Microbiology,  Eaton 
Laboratories,  Norwich,  N.Y. 

Orens,  Martin  H.,  M.D.,  Psychoanalysis.  Private  Practice,  Great  Neck,  N.Y. 

Osborne,  Raymond  L.,  M.D.,  Neurophysiology.  Adjunct  Neurologist,  Mt.  Sinai 
Hospital,  New  York,  N.Y. 

Overman,  Richard  Roll,  Ph.D.,  Physiology.  Director,  Institute  of  Clinical  In¬ 
vestigation,  University  of  Tennessee,  Memphis,  Tenn. 

Owen,  Margaret  Elizabeth,  M.D,,  Psychiatry.  Visiting  Psychiatrist,  Bellevue 
Hospital,  New  York,  N.Y. 

Pansky,  Ben,  Ph.D.,  Female  Reproductive  System.  Assistant  Professor,  Anatomy, 
New  York  Medical  College,  New  York,  N.Y. 

Pearce,  Iris  A.,  M.D.,  Internal  Medicine.  Assistant,  Department,  Medicine,  Uni¬ 
versity  of  Tennessee,  Memphis,  Tenn. 

Peckham,  William  D.,  Ph.D.,  Biochemistry.  Research  Chemist,  Biochemistry 
Division,  Sobering  Corporation,  Bloomfield,  N.J. 

Po-Chedley,  Donald  S.,  Ph.D.,  Insect  Physiology.  Instructor,  College  of  Phar¬ 
macy,  Fordham  University,  New  York,  N.Y. 

Porter,  Charles  Lyman,  Ph.D,,  Industrial  Mycology.  Professor,  Plant  Sciences, 
Purdue  University,  West  Lafayette,  Ind. 

Post,  Nicholas  K.,  B.S.,  Air  Pollution.  Technical  Representative,  Industrial 
Applications,  Aikem  Inc.,  New  York,  N.Y, 

Pratt,  Edward  Lowell,  M.  D.,  Pediatrics.  Professor,  Chairman,  Department, 
Pediatrics,  University  of  Texas,  Southwestern  Medical  School,  Dallas,  Texas. 

Quirk,  Louis  Athole,  M.D.,  Psychology.  Private  Practice,  South  Burnaby,  B.C., 
Canada. 

Rafsky,  Jeanne  C.,  M.D.,  Internal  Medicine.  Clinical  Assistant  Visiting  Physi¬ 
cian,  Bellevue  Hospital,  New  York,  N.Y. 

Rakoff,  Abraham  E.,  M.D.,  Endocrinology,  Cytology.  Clinical  Professor,  Ob¬ 
stetrics,  Jefferson  Medical  College,  Philadelphia,  Pa. 

Richardson,  George  S.,  M.D.,  Cancer.  Instructor,  Surgery,  Harvard  Medical 
School,  Boston,  Mass. 

Riedesel,  Marvin  L,,  Ph.D.,  Environmental  Physiology.  Research  Associate, 
Graduate  School  of  Public  Health,  University  of  Pittsburgh,  Pittsburgh,  Pa. 

Riley,  Vernon,  A. Sc.,  Cancer,  Biology.  Biologist,  Sloan-Kettering  Institute, 
New  York,  N.Y. 

Rish,  Benito  B.,  M.D.,  Otolaryngology.  Chief,  Otolaryngology,  Veterans  Ad¬ 
ministration  Hospital,  Brooklyn,  N.Y. 

Ritchie,  Alexander  Charles,  Ph.D.',  Pathology.  Assistant  Professor,  McGill  Uni¬ 
versity,  Montreal,  P.  Q.,  Canada. 

Roizman,  Bernard,  M.S.,  Virology.  Graduate  Student,  School  of  Hygiene  and 
Public  Health,  Johns  Hopkins  University,  Baltimore,  Md. 
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Roschelle,  Ira  Arthur,  B.A.,  Medicine.  Medical  Student,  University  of  Rochester, 
Rochester,  N.Y. 

Rosenkranz,  Herbert,  B.S.,  Biochemistry.  Research  Assistant,  Sloan-Kettering 
Institute  for  Cancer  Research,  New  York,  N.Y. 

Rosenthal,  Stanley  Arthur,  Ph.D.,  Immunology.  Assistant  Professor,  Experimental 
Dermatology,  Syphilology,  Skin  and  Cancer  Unit,  New  York,  N.Y. 

Ross,  W.  Donald,  M.D.,  Psychiatry.  Associate  Professor,  Psychiatry,  Cincinnati 
General  Hospital,  Cincinnati,  Ohio. 

Rothman,  Sol.,  Ph.D.,  Cardiovascular  Physiology.  Senior  Pharmacologist,  Riker 
Laboratories,  Los  Angeles,  Calif. 

Rotstein,  Jerome,  M.D.,  Biology.  Staff,  Department,  Internal  Medicine,  University 
of  Minnesota  Hospitals,  Minneapolis,  Minn. 

Ruchman,  Isaac,  Ph.D.,  Microbiology.  Virologist,  Wm.  S.  Merrell  Company, 
Cincinnati,  Ohio. 

Ruml,  David,  M.D.,  Rheumatology.  Assistant  Professor,  Medicine,  University  of 
Chicago,  Chicago,  III. 

Sagin,  Jerome  F.,  Ph.D.,  Bacteriology.  Research  Associate,  Department, 
Bacteriology,  Sharp  and  Dohme,  Division  of  Merck  Inc.,  West  Point,  Pa. 

Sanjurjo,  Rogue,  M.D.,  Biology.  Private  Practice,  Rio  Piedras,  Puerto  Rico. 

Schachter,  Joseph,  M.D.,  Psychiatry.  Senior  Resident,  New  York  State  Psy¬ 
chiatric  Institute,  New  York,  N.Y. 

Schorr,  Julian,  B.,  M.D.,  Pediatrics.  Assistant  Instructor,  Albert  Einstein  Col¬ 
lege  of  Medicine,  New  York,  N.Y. 

Schwartz,  Lois  L.,  M.D. ,  Cardiovascular  Disease.  Research  Associate,  Institute 
for  Medical  Research,  Cedars  of  Lebanon  Hospital,  Los  Angeles,  Calif. 

Seely,  J.  Rodman,  M.D.,  Pediatrics.  Fellow,  Helen  Hay  Whitney  Foundation, 
University  of  Utah,  Salt  Lake  City,  Utah. 

Seidell,  Martin  A.,  M.D.,  Internal  Medicine.  Medical  and  Neurological  Consultant, 
Carle  Hospital  Clinic,  Urbana,  Ill. 

Shafizadeh,  F.,  Ph.D.,  Chemistry.  Research  Associate,  The  Ohio  State  Uni¬ 
versity,  Columbus,  Ohio. 

Sifre-Franco,  Pedro  A.,  M.A.  Clinical  Psychology.  Graduate  Student,  Fordham 
University,  New  York,  N.Y. 

Simpson,  Robert  H.,  M.S.,  Meteorology.  Director,  U.S.  Weather  Bureau,  Hurricane 
Project,  Washington,  D.C. 

Slechta,  Robert  F.,  Ph.D.,  Physiology.  Research  Associate,  Tufts  University, 
Medford,  Mass. 

Spratt,  James  L.,  B.A.,  Pharmacology.  Graduate  Student,  University  of  Chicago, 
Chicago,  III. 

Sproul,  Edith  E.,  M.D.,  Medicine,  Cancer.  Associate  Professor,  Pathology, 
Columbia  University,  New  York,  N.Y. 

Stahl,  Walter  B.,  B. A.,  Parasitology.  Student,  School  Public  Health,  Columbia 
University,  New  York,  N.Y. 

Steinbach,  Owen  K.,  M.D.,  Medicine.  Private  Practice,  Fresno,  Calif. 

Stevens,  Kingsley  M.,  M.D. ,  Immunology.  Research  Associate,  Sharp  and  Dohme 
Division,  Merck  and  Company,  West  Point,  Pa. 

Stewart,  Robert  C.,  M.D.,  Psychiatry.  Medical  Director,  Willow  Grove  Hospital, 
Willow  Grove,  Pa. 

Stokes,  Peter  E.,  M.D.,  Endocrinology.  Research  Fellow,  Endocrinology,  Cornell 
Medical  College,  New  York,  N.Y. 

Stouter,  Vincent  P.,  M.S.,  Endocrine  Cytophysiology.  Teaching  Fellow,  Biology, 
University  of  Buffalo,  Buffalo,  N.Y. 

Sullivan,  Miller  Joseph,  Ph.D.,  Pharmaceutical  Chemistry.  Assistant  Director, 
Pharmaceutical  Research,  Ambler,  Pa. 

Suney,  Alexander  R.,  Ph.D.,  Organic  Chemistry.  Sterling-Winthrop  Research 
Institute,  Rensselaer,  N.Y. 

Sutton,  Bruce  M. ,  M.D.,  Psychiatry.  Chief,  Continued  Treatment  Service,  Mis¬ 
sissippi  State  Hospital,  Whitfield,  Miss. 

Tait,  H.  Sinclair,  M.D. ,  Psychiatry.  Superintendent,  W'eston  State  Hospital, 
Weston,  West  Va. 

Tannenbaum,  Gerald,  M.D.,  Psychiatry.  Veterans  Administration  Fellow,  Flush¬ 
ing,  N.Y. 
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Tarpley,  William  B.,  Ph.D.,  Physical  Chemistry.  Director,  Chemical  Research 
and  Development,  Aeroprojects  Inc.,  West  Chester,  Pa. 

Tarry,  William  B.,  Jr.,  M.D.,  Cardiology.  Private  Practice,  Oxford,  N.C. 

Taveras,  J.E.,  M.D,,  Pathology.  Pathologist,  San  Patricio  Veterans  Adminui 
tration  Hospital,  San  Juan,  Puerto  Rico. 

Taylor,  Grant,  M.D.,  Biology,  University  of  Texas,  Houston,  Texas. 

Telfeian,  Alphonse,  M.D.,  Psychiatry.  Resident  in  Psychiatry,  Albany  Hospital, 
Albany,  N.Y. 

Terhune,  William  Barclay,  M.D.,  Psychiatry.  Medical  Director,  The  Silver  Hill 
Foundation,  New  Canaan,  Conn. 

Thompson,  Alva,  Ph.D.,  Carbohydrate  Chemistry.  The  Com  Industries  Research 
Foundation  Associate,  Department,  Chemistry,  The  Ohio  State  University,' 
Columbus,  Ohio. 

Thompson,  Charles  Eugene,  B.S.,  Endocrinology.  Student,  University  of  Minne¬ 
sota,  Medical  School,  Minneapolis,  Minn. 

Thompson,  Thomas  M.,  M.D.,  Medicine.  Associate  Director,  Clinical  Research, 
Johnson  and  Johnson,  New  Brunswick,  N.J. 

Thurston,  Don  L.,  M.D.,  Pediatrics.  Assistant  Professor,  Pediatrics,  Washington 
University,  St.  Louis,  Mo. 

Tomcsik,  Joseph,  M.D.,  Immunochemistry.  Professor,  Hygiene,  Bacteriology, 
University  of  Basel,  Basel,  Switzerland. 

Tompkins,  Harvey  J.,  M.D.,  Psychiatry.  Director,  Reiss  Mental  Health  Pavilion, 
St.  Vincents  Hospital,  New  York,  N.Y. 

Trattner,  Harry  Robert,  M.D.,  Urology.  Assistant  Clinical  Professor,  Urology, 
Western  Reserve  University,  Cleveland,  Ohio.  j 

Trattner,  Sidney,  M.D.,  General  Science.  Private  Practice,  Medicine,  Richmond,  ) 
Va. 
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